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U.S.S.N. 09/807,558 
Filed: July 17, 2001 

AMENDMENT AND RESPONSE TO OFFICE ACTION 

Remarks 
The Specification 

Substitute specifications were filed November 3, 2004 and February 10, 2005. A 
description of the amendments made to the specification was listed in the Request to File 
Substitute Specification filed February 10, 200S. However, in consideration of the Examiner's 
confusion and since these substitute specifications have not been entered, the amendments to the 
specification have been made as described above pursuant to 37 C.F.R. § 1.121. These 
amendments correspond to the substitute specification filed February 10, 2005. 

The specification has been amended pursuant to 37 C.F.R. § 1.77 to include the 
appropriate section headers, "Background of the Invention,* 5 "Brief Summary of the Invention," 
"Detailed Description of the Invention," and lc Brief Description of the Drawings." 

Original Figures l s 4 and 5 have been deleted and the remaining figures renumbered 
appropriately, Figure 1 has been converted to Table 1 and the specification has been amended to 
incorporate Table 1 at page 28, line 23. Table 1 now correctly recites Cf NA nmol/L" NA as 
originally listed in Figure 1 ? now Table 1, is noradrenline. The specification has also been 
amended to delete all references to original Figures 1, 4 and 5. 

Please replace original Figures 2 and 3 with the replacement sheets submitted herewith as 
renumbered Figures 1 and 2, respectively. The specification has been amended to refer to newly 
renumbered Figures 1 and 2 as appropriate. Specifically, the specification has been amended to 
refer to Figures 1 and 2, which were originally described in the specification on pages 20 and 21 , 
under the section heading "Brief Description of the Drawings," 
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U.S.S.N. 09/507,558 
Filed: July 17, 2001 

AMENDMENT AND RESPONSE TO OFFICE ACTION 

The specification has been amended to delete Examples 6-9 on pages 38-47. The 
specification has also been amended to renumber Examples 10-12 as Examples 6-8. Hie 
Examiner objected to the deletion of these Examples under 35 U.S.C. § 132(a) for addition of 
new matter. Contrary to the Examiner's assertion, the deletion of these examples does not 
contain new matter and does not change the scope of the application in any way. 35 U-S.C. § 
132 (a) states that "no amendment shall introduce new matter into the disclosure of the 
invention;' Furthermore the MPEP states that "35 U.S.C. 132 should be employed as a basis for 
objection to amendments to the abstract, specification, or drawings attempting to add new 
disclosure to that originally disclosed on filing/ 1 The Applicants have not introduced or added 
matter into the specification. They have deleted matter from the specification. Therefore, the 
objection to the specification for deletion of subject matter is moot- 
Objections to the Drawings 

Replacement sheets are filed herewith for original Figures 2 and 3, renumbered as 
Figures 1 and 2, respectively. The Examiner objected to new Figure 1 (original Figure 2) 
because the Y axis is not labeled. The Y axis of Figure 1 now recites "NA nmol/l " The 
Examiner also objected to new Figure 2 (original Figure 3) because the Y axis was labeled as 
"cell mead" and not "aldosterone ng/ml." The Y axis of Figure 2 now recites "aldosterone 
ng/ml. n 
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ILS.SH. 09/807,558 
Filed: July 17, 2001 

AMENDMENT AND RESPONSE TO OFFICE ACTION 

Rejection Under 35 U.S.C. § 112, first paragraph, enablement 
Claims 1-4, 19 and 29-31 were rejected under 35 U.S.C. § 1 12, first paragraph, as not 
being enabled. Applicants respectfully traverse this rejection to the extent that it is applied to the 
claims as amended. 

The Examiner is correct in noting that the claims did not recite "cachexia." Applicants 
wish to note that cachexia is clearly defined as '"weight loss due to underlying disease" in the 
specification at least at page 1, lines 3-5, lines 7-8 and page 4, lines 2-3. While applicants feel 
that '^weight loss due to underlying disease" as previously recited in the claims would be clearly 
understood by one of ordinary skill in the art to mean cachexia, the claims have been amended to 
refer to a method of treating cachexia to avoid confusion. 

The quantity of experimentation necessary for treating cachexia in a patient by 
administering an effective amount of an agent which reduces sympathetic nervous system 
activity is not undue. Applicants submit that a common mechanism (i.e. increased SNS 
activity) leads to cachexia in a number of patients with different diseases. Therefore, cachexia 
can be treated with drugs that are functionally-related by their ability to decrease SNS activity. 
See Table 1, previously Figure 1, in this respect. 

One of ordinary skill in the art will be experienced in selecting and adjusting doses for a 
particular patient Many known and approved drugs are available for use, now that the 
mechanism for treatment of cachexia is known. Therefore, one of ordinary skill in the art 
would also -clearly be able to assess compatibility of the compound selected to treat cachexia 
with any other medications that the patient is taking based on information available to one of 
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U.S.S.N. 09/807,558 
Filed: July 17, 2001 

AMENDMENT AND RESPONSE TO OFFICE ACTION 

skill in the art It is not necessary for applicants to explain drug compatibility in the 
specification, as this is something that the skill person already assesses routinely on a patient-by- 
patient basis, based on standard reference sources, taking into account all the medications a 
patient is taking. The need to take into account all the medications a patient is taking is obvious 
and applies to any therapeutic regime. The test as affirmed by the Courts and the Board of 
Appeals has consistently been that one does not have to give every detail a health care provider 
would need, so long as sufficient detail was provided to enable the health care provider to 
practice the claimed method. 

Applicants have demonstrated that common features are shared by cachexia patients 
arising from a wide range of different underlying conditions. On page 27, line 25 to page 28, 
line 9, the specification describes how cachexia relates to sympathetic nervous system activity 
and refers to Table 1 and Figure 1 (original Figures 1 and 2), which demonstrate that patients 
with weight loss due to a number of diseases have elevated noradrenaline plasma levels (Le, SNS 
activity) compared to controls, Accordingly, the Applicants have found that cachectic patients 
with a range of underlying diseases show a similar hormonal profile, and have described how to 
treat the weight loss with the agents listed on page 4, line 10 to page 1 3, line 22. Therefore, the 
compounds as defined by the claims and disclosed in the specification should be effective in 
treating cachexia regardless of the nature of the underlying disease. 

Example 11, pages 53-55, discloses treatment of cachexia with carvedilol. Page 55, line 
1 5 states that "beta-blocker treatment was beneficial in a cachectic patient" Example 12 
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U.S.S.N. 09/807,558 
Filed: July 17,2001 

AMENDMENT AND RESPONSE TO OFFICE ACTION 

discloses treatment of a cachexia patient with an aldosterone antagonist. Page 57, lines 14-15, 
discloses that aldosterone antagonist treatment was beneficial in a cachectic patient 

Applicants have further demonstrated a beneficial effect on cachexia following treatment 
with beta receptor blockers. The Examiner is directed to the enclosed abstract by Anker, et al, 
entitled "The impact of body mass index and body weight changes on prognosis in patients with 
chronic heart failure: results of the COMET study" which has been accepted for publication in 
Circulation at the end of October in the abstract supplement for the American Heart Association 
meeting taking place in November 2005. 

A Declaration Under 37 C i\R. § 1.132 being submitted under separate cover provides 
additional examples that demonstrate enablement of the method as defined by the claims and 
described in the application as filed. The Declaration provides evidence of experiments 
conducted according to the guidance in the specification that demonstrate the beneficial effects 
on cachexia following treatment with beta receptor blockers, erythropoietin analogues and 
aldosterone antagonists. For example, the declaration describes that the inventors confidentially 
requested a colleague treat patients with cachexia due to cancer, a non-cardiovascular illness, 
with beta-blockers and spironolactone. The results from these experiments provided in the 
declaration demonstrate that cachexia was effectively treated with beta-blockers and 
spironolactone. 

It is clear from the amount of direction and guidance presented in the specification, the 
state of the prior art, the relative skill of those in the art, that one of ordinary skill in the art could 
and did (as evidenced by the Declaration) use an agent which reduces sympathetic nervous 
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U.S.S.N. 09/807,558 
Filed: July 17, 2001 

AMENDMENT AND RESPONSE TO OFFICE ACTION 

system activity to treat cachexia in a patient as defined by the claims. Therefore, ciaims 1-4, 19 
and 29-31 are enabled by the specification. 

Rejection Under 35 U.S.C. § 112, first paragraph, written description 
Claims 1-4 and 1 9 were rejected under 35 U.S.C. § 1 12, first paragraph, as containing 
subject matter which was not described in the specification in such a way as to reasonably 
convey to one skilled in the art that the inventor had possession of the claimed invention- 
Applicants respectfully traverse this rejection to the extent that it is applied to the claims as 
amended 

The written description requirement for a claimed genus may be satisfied through a 
sufficient description of a representative number of species by actual reduction to practice, 
reduction to drawings, or by disclosure of relevant identifying characteristics, i.e. structure or 
other physical and/or chemical properties, by functional characteristics coupled with a known or 
a disclosed correlation between function and structure, or by a combination of such identifying 
characteristics, sufficient to show the applicant was in possession of the claimed genus (see iXC), 
above). See Eli Lilly, 1 19 F.3d at 1568, 43 USPQ2d at 1406. 

The Examiner argues on page 9 of the office action that the claims fail to meet the written 
description requirement because "all possible" compounds that reduce SNS activity are not 
disclosed. 

There is no legal requirement that applicants disclose all possible compounds that reduce 
SNS, Applicants have described the critical mechanism for treatment, the general class of 
compounds which are effective, and provided a number of representative species. Applicants 
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U.S.S.N. 09/807,558 
Filed: July 17, 2001 

AMENDMENT AND RESPONSE TO OFFICE ACTION 

also demonstrated that a number of these representative species were effective in treating 
cachexia resulting from widely disparate diseases. This meets the legal requirements* 

Applicants have provided numerous species in the specification at least at page 4, line 10 
to page 8, line 6 that reduce SNS activity. Furthermore, the representative number of species 
may be described by functional characteristic coupled with a known correlation between 
function and structure. The Applicants have discovered that a common mechanism (i,e* 
increased SNS activity) leads to cachexia in a number of patients with different diseases. 
Applicants have demonstrated as acknowledged by the Examiner on page 7 of the office action 
that patients with cachexia and increased SNS activity have elevated levels of aldosterone, 
noradrenaline and catecholamines (see pages 27, lines 12-15, page 28, lines 1-2, and page 29, 
lines 7-9, respectively). The Applicants have discovered that compounds falling within 
particular therapeutic classes, well known to one of ordinary skill in the art, are usefiil in treating 
cachexia by altering SNS activity through affecting the levels of these molecules. For example, 
the specification at least at example 1 1, pages 53-55, demonstrates that carvedilol, whose 
function (i.e. affects catecholamine levels) and structure are well known to one of ordinary skill 
in the art, is effective in treating a patient with cachexia. Additional compounds known to one of 
ordinary skill in the art that affect aldosterone, noradrenaline and catecholamine levels are 
described in the specification at least at page 4, line 10 to page 8, line 6. In addition, page 8, line 
to page 13, line 22, the specification further discloses publications in which many of the 
compounds are described in detail. As acknowledged by the Examine! it is not necessary to 
provide information well known to one of ordinary skill in the art. 

078230/00027 
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U.S.S.N. 09/807,558 
Filed- July 17, 2001 

AMENDMENT AND RESPONSE TO OFFICE ACTION 

The Applicants have clearly met the written description .requirement by providing a 
description of a large number of species of compounds that have the functional characteristic 
required by the claims, whose structures are well known to one of ordinary skill in the art. 
Therefore, claims 1-4 and 19 satisfy the written description requirement. 

Rejection Under 35 U.S.C. § 102 

Claims 1-4, 19 and 29-31 were rejected undeT 35 U.S.C. § 102(b) as being anticipated by 
The RALES investigators, "Effectiveness of Spironolactone added to an angiotensin-converting 
enzyme inhibitor and a loop diuretic for severe chronic congestive heart failure (The 
Randomized Aldactone Evaluation Study [RALES])" The American Journal of Cardiology 
78:902-907 (1996). Applicants respectfully traverse this rejection to the extent that it is applied 
to the claims as amended, 

As discussed above, claim 1 was amended to define a method of treating cachexia. The 
population treated with spironolactone in the RALES study is not the same population as 
specified in the claims as amended. RALES describes treating patients with chronic heart failure 
with spironolactone. RALES does not disclose or suggest selecting patients with cachexia, nor 
does it disclose that patients treated with spirolactone experienced weight gain. 

In contrast to RALES, the method as defined by the claims relates to treatment of patients 
with cachexia. The claims do not define treatment of cachexia candidates. The claims as 
amended require selection of the patient on the basis of cachexia. As previously noted, not all 
patients with heart failure have cachexia (see page 27, lines 15-16; see also the enclosed copy of 
Hunt, et al., "ACC/AHA guidelines for the evaluation and management of chronic heart failure 
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U.S.S.N. 09/807,558 
Filed: July 17 7 2001 

AMENDMENT AND RESPONSE TO OFFICE ACTION 

in the adult: executive summary 3 ' Journal of the American College of Cardiology 38:7 (2102- 
2113 (2001) page 2109, first column). 

Applicants describe in the specification at least at page 40 5 lines 3-5 in Example 4, that 
<c patients with chronic heart failure who developed cardiac cachexia demonstrate particularly 
abnormal reflex control within the cardiovascular and respiratory systems," Therefore, cachexia 
is not merely a reflection of the underlying disease state, but is linked with particular parameters, 
not previously recognized. 

As shown in the enclosed reference by Florea, et al., Int. J. Cardiol 97:15-20 (2004) and 
Horea, et al., American Heart J. 144(l):45-50 (2002), there is no difference in cardiac function 
(as seen by either echocardiography or MRI) between patients with or without cachexia, For 
example the first paragraph of the Discussion of page 48 inFlorea, et al., (2002), states that "the 
current study failed to detect any specific cardiac abnormalities in patients with cachectic CHF 
compared with patients with non-cachectic CHF when assessed in a cross-sectional study." 
Therefore, one of ordinary skill in the art would not consider that treatment of cardiac function 
would necessarily treat cachexia. 

Additional treatments of heart failure (for example, diuretics, LV assist devices) with 
similar efficacy to, for example, beta receptor blockers, do not lead to weight gain, but instead 
weight loss, due to water loss. For example, see the enclosed reference by Clark, et al. s Eur. 
Heart J. 22(24) :2275-2283 (2001), which shows that another treatment for heart failure, use of a 
ventricular assist device, that improves patients' conditions, is not associated with weight gain. 
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U.S.S.R 09/807,558 
Filed: July 17, 2001 

AMENDMENT AND RESPONSE TO OFFICE ACTION 

It is also well known to one of ordinary skill in the art that diuretics (other than 
aldosteron antagonists) are an effective treatment for heart failure, and it is also well known that 
they do not improve cachexia and therefore are not useful for cachexia. 

Weight loss is a sign of successful heart failure (HF) treatment when diuretics are used 
The enclosed copy of Niebauer, et aL, Lancet 353: 1 838-1842 (1999) illustrates Ihe effect of 
diuretics. For example, page 1 840, second paragraph of second column discloses that "intensive 
diuretic treatment for a mean 23 days (8) in ten patients with chronic heart failure resulted in a 
mean weight decrease of 3.6 kg (range 2.5-5.0), and improvement in the functional NYHA class 
in nine often patients." One of ordinary skill in the art would consider that diuretics produce 
weight loss when given to patients with heart failure. The use of diuretics as treatment in HF is 
indicated as per guidelines for HF therapy of the European Societyof Cardiology as well as the 
American Heart Association and American College of Cardiology (see for example page 2108 of 
the enclosed reference Hunt, et aL, "ACC/AHA guidelines for the evaluation and management of 
chronic heart failure in the adult: executive summary" Journal of the American College of 
Cardiology 38:7 (2102-21 13 (2001); the European Society of Cardiology Guidelines, Remme 
and Swedberg, "Comprehensive guidelines for the diagnosis and treatment of chronic heart 
failure. Task force for the diagnosis and treatment of chronic heart failure of the European 
Society of Cardiology 5 * European Journal of Heart Failure 4: 1 1-22 (2002) and Faris, et aL, Int. 
J Cardiol 82:149-158 (2002). Therefore, treating and improving the underlying disease does 
not automatically lead to improvement in cachexia. The claims of the present application 
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U.S.S.N. 09/S07,558 
Filed: July 17, 2001 

AMENDMENT AND RESPONSE TO OFFICE ACTION 

disclose treatments for cachexia that are aot dependent upon treatment of the symptoms of the 
underlying disease. 

RALES does not disclose ox suggest selecting patients with cachexia, nor does it disclose 
that patients treated with spirolactone exprienced weight gain. Therefore, claims 1-4, 19 and 29- 
3 1 are not anticipated by RALES, 

Allowance of claims 1-27 and 29-31 is respectfully solicited. 
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Thd impact of body mass index and body weight changes on prognosis in 
patients with chronic heart failure: results of the COMET study. 

Stefan D. Anker, Charite, Campus Virchow-Kfinikum, Berlin, Germany; 

Andrew Charlesworth, Nottingham CJintcal Research Group, Nottingham, UK; 

Karl Swedberg. Sahlgrenska University Hospital, Gbteborg, Sweden; 

Michel Komajda, PWe Salpetrlere Hospital, Paris, France; 

Christian Torp-Pedersen, Btepebjerg University Hospital, Copenhagen, DK; 

John G Cleland, University of Hull, Kingston upon Hull, UK; 

Willem J. Remme, ST1CARES - Cardiovascular institute, Rhoon, Netherlands; 

Marco Metra, University of Brescia, Brescia, Italy; 

Andrea Di Lenarda, Ospedale dl Cattinara, Trieste, Italy; 

Phllfp A Poole-Wilson, National Heart and Lung Institute, London, UK. 

The long-term impact of low body mass Index (BMI) and weight loss in patients 
with chronic heart failure (CHF) treated with ACE inhibitors and beta blockers Is 
not known. There is no data on the prognostic value of weight gain in CHF. 
Methods: In COMET 3029 patients with CHF In NYHA 1I-IV and EF<40% were 
randomised to carvedilol (C) or metoprolol tartrate (M) and were followed for an 
average of 58 months. In 2596 patients with no baseline edema (85,7%), we 
analyzed the impact of BMI and weight change on survival and a combined 
endpoint of death or ail-cause hospitalization. 

Resutts: For each 1.0 unit increase in BMI, ths risk of death decreased by 6.1 % 
(p<0.0001), independently of treatment assignement Event rates for 58 months 
of follow-up and hazard ratios (HR) in each BMI category are shown below: 



SMI group 


%death 


HR 


%dBath/hospitalization 


HR 


<22 (npSOD 


48.9 


2.29"* 


81.6 


1.60*** 


22-<25 (n=672) 


39.3 


1.70*** 


75.6 


1.24** 


25-<3D(n=1145) 


32.1 


1.28* 


72.8 


1.13 + 


£30 (n=474) 


25.3 


1.00 


68;1 


1,00 



+ p=0.056, *p<0.05, **p<0.003, ***p<0.0001 

Excluding weight observations with edema, the respective weight change at 1 and 
3 yrs follow-up were 1.6+5.0 and 2,2±6,2 kg on C and 1 .6±4.8 and 2,0±6.2 kg on 
M (p>0.15 for all visits between 4 and 60 months). At 1 and 5 years, the 
cumulative incidence of £6% weight loss was 13 / 29% (C) and 11 / 26% (M, 
p>0.2). The respective incidence of £5% weight gain was 32 / 51% (C) and 33 / 
52% (M, p>0.2). In time-dependent models considering the complete foflow-up 
period, we found that both weight loss and weight gain carried prognostic value, 
independently of BMI and treatment assignment. Per percent weight loss, 
mortality was increased 8.7% (95%CI 7.1-10.3%, PO.0001). Per percent weight 
gain, mortality was reduced 2.2% (0.6-3.7%, p*=0.0058). 

Conclusion: In CHF, lower BMI and weight loss are both associated with higher 
mortality and hospitalization rates. Weight gain is associated with lower mortality 
and lower hospitalization rates. Treatments promoting weight gain may be 
beneficial for patients with CHF. 
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ACC/AHA PRACTICE GUIDELINES 

ACC/AHA Guidelines for the Evaluation and Management 
of Chronic Heart Failure in the Adult: Executive Summary 

A Report of the America* College of Cardiology/American Heart 

Assertion Task Force on Practice Guidelines (Conxmitteeto Rwise 

the 1995 Guidelines for the Evaluation and Management of Heart Failure; 

Developed in Collaboration with the International Society fir Heart and Lung Transplantation 

Endorsed by the Heart Failure Society pf America 

COMMITTEE MEMBERS 
SHARON A. HUNT, MD, FACC, Cbmr 



DAVID W. BAKER, MD, HPH, FACP 
MARSHALL YL CHIN, MD,MFH 
MICHAEL P. QNC3UEGRAHL, MD, FACC 
ARTHUR M FELDMAN, MD, PhD, FACC 
GARY & FRANCIS, MD, FACC 
THEODORE G. GANIATSjMD 



LYNNE WARNER STEVENSON, MD, FACC 



SIDNEY GOLDSTEIN, MD, FACC 

GABRIEL GREGORATOS, MD, FACC 

MASIELL L. JESSUP, MD, FACC 

R. JOSEPH NOBLE, MD, FACC 

MILTON PACKER, MD, FACC 

MARC A SILVER, MD, FACC, FACP, FCCP, FCGC 



TASK FORCE MEMBERS 
RAYMOND J. GIBBONS, MD , FACC, Cbrir 
ELLIOTT M. ANTMAN, MD, FACC, Vue Chaw 



JOSEPH S. ALPERT, MD, FACC 
DAVID P. FAXON, MD, FACC 
VALENTIN FUSTER, MD, PhD, FACC 
GABRIEL GREGORATOS, MD, FACC 



ALICE K JACOBS, MD, FACC 
LOREN F. HERATZKA, MD, FACC 
RICHARD O. RUSSELL, MD, FACC" 
SIDNEY C. SMITH, Jr, MD, FACC 



Ttufi*- ia NoDwrtw 20Q1 *nd tk* -Atteien H«* Auodaoan Scimco Advirtij 
g prl CoClSwfaff Connflilteeia SraKfflb*f MM, 

AmrndA HetffT Aaoduiim would ^predate Ad fcUcwwg ataa» fefflM Item 
EfL £ater UW, Cbm MH, CSiu$*&u& MP, FeUrmn AMi Rwds GS, Gvuac 
TG GflMrab^ Gftpvste G, Je*np ML, Roble K? r M. MA. 
StciuronLW. ACC/AHA paidd*" evilimiAn an* muu£OTC3t df chronic 
hesrt ftlhrein the mtolT! muSts tumou^ a nipmi of the Amman of 
CaidloJoo/Jtaedsw Hart AjKiManTiikFfiro on Raoicc Gw&Sdc3 (Com- 
mltipc to Ra*e 1995 QwA&nm ferdr INalmtiua Jmd Minapancw of Hwot 

TLe AmfiiSan C&V &«&ifcffr Ammtsu Hwn ArsocSiaSoa m«kr 
preryeflbri » moid mj* rori * pmnisW eafiius ofimxfecT dum^imiii 
resulrofia rtlnifliKhSp or % penottl, prc&niiml, or taonew bneren of* 
xpoz&er ft wMafi pwd. SpedficsHj'. iB mtarixn of the ttfi^pP^Bn 
zurind to psmitfe AKfciue rtra«fln* aF «U nri idrfansliipf wat miffw be 
uj^m d u jc4 or pDlcmiRl conffiM of ioteet Ik B» fWEmante m fPfcFalby 

Wodi "WWd Web *ei of illfc AlDenam Callegp of CbnfialqE/ (WRKC-aie *0o *fr 

AwmkicoV of Qmiiblner, EduwW Scrim «ll QM Qcotgnown E«4 
Bataii, MD 20B14-W99. To jwdaA *tdl*s»! q> ^ 

BOIWll-flWS (US duIj) crfrx ^13-665^71; l/» or more ca?m, dB 2J4-70fr-14«, 
fa 3W-6S1-&M2, « ^=3 fiiactf^bcsTX^ (j?c^ ***** Etammo SmnrnMy- 
73-0125J ftill Ten— 71-1Q2I5X . „ . v 

6 20D1 Aaericui Callfet of CariiotofiT «rf Anfiftcan Hour Aiaocbtian, Lie 

Tcuncr T«t Force mnnbcf *sangr tint -wriwfi effiirt, 



TABLE OF CONTENTS 



L JftlTOt&ICtlOZlMii*, 



2102 



XL CtarattHiCTDoo of HF as a CUnifflT Syndrome .2104 

jrr . Assefffmcat of Podcnts — 2105 

Initial EvaluBdon of PatieirtB and Defection 

of Predisposing Co^ditians -™.. -,,„.,— ^105 

L ldccuficalian pf Patients 2105 

2. IdeacJficadoa gf Struccuwl Afamrmnlicy 2105 

3. Evahiition of the Ctosc of 

Vtntdcular Dysfunction , .2105 

Ongoing £-rala«icKi of HF, -2105 



17. Therapy 



. h«. 2106 

A* Ptttaftflti *t Hig^ R5sk of Devdoping 

Left Ventricular DyHfimction (Stage A) ... ....2106 

Bi Patient? Vfaii Left Veatricukr DTsfimc^oa 

Who Have Not Developed Syiantom* CSt»ga B) ^il07 
C. Paticntc With Left Vcntrltiil«r Dj^funcdon 

'With Cuncnt or Prior Syreptmns (Swge C) „„,„,2107 

l k Ocneral Mea^res ■ — 2107 

2. Drugs Rficommeodcd £br Reufint U«g .„^m — 210S 



dnoy 9 lNBivd lsevd wdis : * mi '91 -d3S 



0O19:(ss-uiui) NOIiVHfia i :QIS9 . OKKffSMQ * KIMIXdHUWW . fyutflba wand Ifld 8W miM lVQADM « Mi 39Vd 



2102 Hnntetal 

ACCtflHA EKBcnttt e fiunwaaiy 

3. Incervnxonas to Be Coosidnred. for Use in 

4. Drags Mid InserFcntiopfl Under 
Active Investigation 



..210B 



,...2108 



5. JnfterrcmuniE of Unproved Value and 

T^ar Recommended — m . H ,.-Miu M . un imf M .i< — ( «.2108 
D. Patients Wim Renactory End-Stag* HP 
(Stitgc D) 

V, Trcitmtnt of Special Fopdatiaa& tad 
Concomitant DisordcCT 

1. Spednl 5obj)0pq lnrin pfl„..., 

2. Conccnucant Disorders •«.—■ .--2109 

2110 



« .2109 

21D9 



..21U 



VL DiartoEc pysfuiicripn 

VIL End-a£-Iifc Considefonons 

V77J jjAplemeTrtHtioa of Practice Guidelines »m %1 1 1 

^if fevrn rr*- m m — — — — ....—..♦^.i- — — 



L INTRODUCTION 

Heart fiuTurc (Hf) k a major public health problem in. the 
United States. Nearer 5 roillkm patients in this country hove 
HF, and nearly 5Q0 3 Q0O pxtients are diagnosed with HF for 
die fixer time each year. Ihc disorder is the imdcdyirig 
reason for 12 to IS million omoc visits and 6.5 million 
hospital days each year (1)* During the last 10 years* the 
flwfnwl number of hcspitaEzarians has increased fiom ap- 
prarirnattry 550,000 to nearly 900,000 for HF as a primary 
caagna^andfroml.7to2.6miIW 
secondary diagnosis (2). N«nty 300,000 patients die of HF as 
&pnmary or 

csmtributioiy cause each year, and the mnnbtr of 
deaths has increased steadily despite advances in tre ^trnftn t 

HF k pdmaiHy a disease of the elderly (3). Approxi- 
macefy 6% to 10% of people older than 65 years have HF 
(4), and approximately 80% of patients hospitalized with 
HF arc more than 65 years old (2). HF is the most common 
Medicare o^gnosis-fclatnd group, and more Medicare dol- 
lars arc epenr far the diagnosis arid oreatment of HF than for 
any other diagnosis (5). The total inpatient and outpatient 
costs for HF in 1991 were approximately $38.1 billion, 
which was appitndmatefy5 k 4% of the healthcare budget that 
year (1). In the United States, approjurnatery £500 m il lion 
annually is spent on dings for the treatment of HF. 

The American College of Cacology (ACQ and the 
American Heart Association (AHA) first published guide- 
)Wi for the evaluation and management ofHF in 1995 (d). 
Since that time, a great deal of progress has been made in 
the development of both pharmacological and nonphanna- 
colcgical approach ep to treatment for mis common, costly, 
disabling, and generalty fatal disorder- For this reason, the 2 
organizations believed that the time was right to reassess 
and update these guidelines, fully recognizing that the 
optimal therapy of HF remains a work in progress and mat 
future guidelines "will supersede these. 

The writing eommirtce"waa composed of 7 members "who 
represented the ACC and AHA, as well as invited partici- 
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pant* from the American College of Cheat Physicians, the 
Heart Failure Society pf America, the Tntrrrfmonfil Society 
for Hean and Lung Transplantation, the American Acad- 
emy of Family Physicians, and the Amtrirfln College of 
PhyHidan^-Amexican Society of Internal Medicine. Both 
the academic and private practice sectors were represented, 
This document wu reviewed by 3 oiErial reviewers nomi- 
nated by tne ACC, 3 nfftnial reviewers nominated by the 
AHA* 1 reviewer nomixiatedhy the Heart Failure Society of 
America, 1 reviewer nominated by the Intraatioual Society 
for Heart and Lung TransplaatflPon, 1 reviewer nominated 
by the American. Academy of family Phyeirinn^ 1 reviewer 
nominated by the National Heart Foundation of Australia, 
the ACC Hypertensive Disease Comrnittec and 16 content 
reviewers. 

In formulating the present document^ the writing com- 
mittee derided ta take a new approach to the classification 
of HF that emphasized both the evolution and progression 
of the diseaBC* In doing so, we idpntifird 4 stages of HF< 
Stage A idenrines the patient who is at higb risk for 
developing HF but ha* no stnicrnral disorder of the heart, 
StageB refers to a patient wth a structural disorder of the 
heart but who has never developed ^yrnptoms of HP; Stage 
C denotes the patient with past or current symptoms of HF 
associated with iindedying' structural heart disease; and 
Stage D designated the patient with end-stage disease who 
requires specialized uxatmont strategies such 35 mechanical 
circulatory support, continuous inotropic infusions, cardiac 
transplantarioa, or hospice care (sec Table 1 and Fig, 1), 
Only the latter 2 stages, of course, qualify far the traditional 
clinical diagnosis of HF for diagnostic or coding purposes. 
This classification recognizes that there arc es ta blis hed risk 
factors and structural prerequisites for the development of 
HF and that therapeutic mtervenrions performed even 
before the appearance of lefr ventricular dysfunction or 
symptoms can reduce the morbidity and mortal! rj of HF. 
This da&sinxarion system is intended to complement but 
not to replace the New York Heart Association (NYHA) 
functional classification, which primarily gauges the severity 
of symptoms in patients who are in stage C or D. It has been 
recognized for many yean?, however, that the NYHA 
functional classification reflects a subjective assessment by a 
physician and changes frequently over short periods of time 
and that the treatments used do not differ significantly 
across the classes. Therefore, the comm ittee beEeved that a 
staging system was needed that would reliably and objec- 
tively identify patients in the course of their disease and 
would be Hnked to treatments that were uniquely appropri- 
ate at ca r b stage of their illness. According to this new 
approach, patients would be expected to advance from one 
stage to the next unless progression of the disease was 
slowed or stopped by treatment. This new classification 
scheme adds a useful dimension to our thinking about HF 
similar to that achieved by staging systems for other disor- 
ders (eg., those used in the dassi£cation of cancer). 
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Huntrt a/. 
ACG/ARA DcBCUttre Summary 



Table l Stages of HF 



Pesedptiofi 



Enonpte 



Faiken uc hi^i list of developing HF hecanse of 
the p*w*i« of coadinons &AT a» ttjtriig^ 
Msoeaatpd with the development of HF. Sack 
patters btPC no identified rancratpl or 
f m^nn ^ tlmcmrailisgg oftitf periiardiim, 
jnjwirfinBV W cardiac intra and toe newer 
fibown ugu or symptoms 

Pa&tns who bare dcsilapcd Btnterjual hearr 
ritf fi*f p ihn is strongly ana£u*ed wflk the 
dcvdoprntai nfHFta vrf» hq«s nwer ehnwn 
rigu* or l ymp ioroc of HF. 

Fmiente via have aurwz or prior tympptiM of 
HF tModnted wrh untfejjyiflg stru ct ural Heart 
diwut. 



B 



Patients ^ «Jvuaccd rtmcftirsl b*** direct 
and jaodttd fijinptooM of HF at rest deqme 
(nxoinil tfedieal thenar ™d TC ?™ 
specialized intcmc&ooDS* 



SytHftauc bypertcneion; conniry may dueue; 
dilbetra mdlitti^ history of candSotmdc 
drag o^Gfitpy or Alcohol &bttt£ pctBDHfll 
Kmnj of rheumatic fever; fosifr hfcTOfjr of 

l«fr vcnxricalsx hflpinrophy or fibrous; lc& 
vrtrczicu^sr dllaifttion or bypocontrHcdUiy; 
asytttpmmBtit ¥tftd*r heart diftraw; 
pmimu myocardial iufmrrinrt . 

pj^oca or ferigM diu to left Yttv4oikr 
tysmEc ^fafuncdDm wympnnnsnc patterns 
-vrbo arc undergoing trcatnwvt fer prior 
afHF, 

PsfitntB who ere frequently b^pioBzcd fc* 
HF or canaot be wfiry disebnged from the 
hoapte^ patients m the hospital mjoag 
befit na&cpbnniioo; pane&« ar home 
ruzxtfog onstaiWOOB intuLYpnaui t&pport 
fa symptom relief or oeioft; supported Vfcb. 
a ntfCBanical jtifH*"^ uiiA deu?ce; 
pxpcntE in o hospice tetfog &r die 
ufH*. 



HF int&otea Simt Intnis. 



All recommendation* provided in this docoment follow 
the format of preview ACC/AHA guiddinfiK 
Oassli Ckndrrions mr there is evidence and/or 
general pgmemen* that a given procedure/ 
Ai»f^y 5g nBofiJ. grid effective 
Hz Conditions far wfeicb, tnexe ib cfrnfiictiug ev- 
idence and/ox a. drveigenee of Opinion about 
TwcfixlneBfi/efficacy of performing tie 
proccrfare/thctapy. 

Class Ha: Weight of e^encc/oprrmm is in 

fever dfiifiernliicBS/enlaicf, 
OflBB Hbi Usefulness/efficacy ia 1*S6 we2I 
tstblidieJ. Bj cwid&nee/op Inion* 
OassIEL: Condrxions fw wh±& there is rvideQcc and/ or 
general gigrecmeut Aat ft procc^iLre/Tlwrajr/ is 
not nacful/e&cdvc and in. some cas^fi m^be 

Thfi Koniirrieadanan$ listed in this document «re evi- 
dent bflBtd Trfiftnera possOilc Pertiricnt medical ltoaruic 
in the En£li& language was identified tirough a fiftdes of 
coarpatcdacd fiterature seardses (indudrng Mfidfinc and 
EMBASE) md & mairual pcaich of *elcered aiddes. Refer- 
encca selected »nd pubMied in Ais dfjeumcat arc rcpresen- 
tarive but not all-wrJufiivc, 

Tbe levels of evidence on which these rccommendanona 
ire hflfitd were ranked mIctcI Aifihc dam were derived 
from mddpleiindornized dlnical tnfllfi, level B v&en date 
were derived from t pingk r^ndemized trial oi noriiandoia- 
52od emdks, and level C 'when the consensu* opinion of 
experts iw the primary source of recommendation, The 



strength of evidence doas not necessarily reflect the strength 
of a rccornmendarooa. A trca.tment may he considered 
controvtrsifll altnough it h&s "been cvilua.ted in eontxolled 
cHnical oorjrcrsciy, a strong recommendation may be 
based on years of clinical experience and be supported orJy 
by historical dam or by no data, at all 

The ccmrnitrae deered to focus this document on The 
prevention of HF, as "well as the cvahia.rion and inanage- 
ment of chronic HF ia tbe ftdalt p^uent ya^bi left v ctrtri n tIat 
frolic and diastolic dysfurictiosL It specnically did not 
ronsider icnte HF, might merit a separate set of 

guidelines and vrhich k addressed m pert in the ACC/AHA 
guideline* for the raanagemcox of patients *«rith acute 
nryocardkl mfercrion (7). We have aLo excluded HF in 
diildren, both because the underlyiag censes of HF in 
children fiom those in adula and because none of tne 
controlled trials of treatments fox HF have included chil- 
dren. We have not considered the management of HF due 
to primary valvular disease (sec ACC/AHA guidelines on 
management of patients with vplvular heart disease) (8) or 
congenital malxbrrnatiQXUf, and we have not included rec- 
pnnp^ndiriniift for the treatment of Bpetific myocardial 
disorders (e,g., hemochrcmsarn£s 3 sarcoidosis, or amyloid- 
osis). 

The ACC/AHA guidelines for the evaluation and man- 
,^ement of chronic heart failure in the adult were approved 
for publication by me governing bodies of the ACC and 
AHA. These guidelines will be reviewed annually after 
publication and will be considered current unless rhe 
ACC/AHA Task Force on Pmcrice Gu id elines revises or 
\vithdra-vf8 mem &om ekenktiom - 
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jnfavyip; LV, left vcntricnhi; ind TV, fotiw*a«iB. 



These pnict.ee guidelines axe intended to assist ph ysirfans 
rl^iml decision making by dee cnbing a range of generfllry 
acceptable approaches for the prevention, diagnosis! and 
attnagenpw of HF. The guidelines Attempt to define 
purri^r that meet the needs of most patients under most 
drcamewaces- However, the ultimate judgment regarding 
the care of a p^rrifi>lar patient must be made by the 
physician in light of all of the etrcnmstunccs thai are relevant 
to that patient. The vacou* therapeutic strategies described 
in this document can be viewed as a checklist to he 
considered &x each p ardent in an attempt to indiTiduaiise 
treatment for an evolving disease process. Every patient Is 
urdque, not only ia t?™* of his of her cause and eorae of 
HF, but fllso ia terms of Mfi or het pereonal and cultural 
approach to the disease. GuideKnes can only provide an 
outline for evidence-based th^ft** or xecoxiunendaiionfl 
& individual care; these guidslincs arc meant to provide 
that outline, 

U. CHABACIERIZAUON OF 
HF AS A CLINICAL SYNDROME 

HF if a complex cE*'™ 1 syndrome that can result from any 
structural ox functional cardiac disorder that imp airs the 
ability of the ventricle to EE with or eject hkod. The 
cardinal manifestations of HF are dyspaea and fatigue, 
which may limit ctcrcue tolerance* and fluid retention, 
which may lead co pulmonary and peripheral edema. Both 



?hnorrnaliries can impair the functional capacity and qualify 
of life of affected individuals, but they may not necessarily 
dominate the ^IfoiH 1 * picture at the same time. 

Coronary artery diBeasc is the micUying cause of HF irt 
AppjTfldmarely two thirds of patients with left veutiicnlar 
systolic dysfunction (9). The remainder hare nonischemic 
causes of systolic dysfunction and msy have an identifiable 
cause (eg., hypextenfiionf valvular du ease^ myocardial tnx- 
in£, or myocarditis) of msy have no discernible, cause (e.g., 
idiopathic c&xdiouiy upathy) » 

'The dassincatiDn. Bystein that is most conunonljr need to 
quantify the degree of functional limitation imposed by HF 
is one first developed by the NYHA (10). This system 
assigns patients to 1 of 4 functional classes depending on the 
degree of effort needed to elicit symptoms: patieats may 
have symptoms of HF at rest (class IV), on leas-than- 
ordinaxy cxextion (cfagfl IH)j en ordinary exerthm (class fi), 
ox oniv at levels that Would limit nos^ri individuals (ckfis I). 
The mechanisms responsible for exercise intolerance in 
patients with chronic HF hn*e not been deady denned. 
Patients with a very lovf ejection fiactioa may he asymp- 
tomatic, whereas patients with pie$exved left vermicular 
syGtaEc: function may have severe disabihtyv The apparent 
difioordanco between the severity of systolic djsSxncvxm. and 
the degree of flmctional impairment is not well understood 
despite intense investigation* 

Left ventricular dysfunction begins with some injury to 



n 'd 18W0N 



dnOHD INBlVd ISaVd Wd6S : t 5002 "91 'd3S 



0(H9:(s$-uiui) NOIiVUna , :QIS3 * 00C8CZ2:SINO i92Md3-01dSn:UAS . [a>U MM ujajseg] m wm mm IVQAOiJ * 16SE 3SVd 



JACCVW. 38. to. 7,2001 
Dacentar 2001:2101-13 

the myocardium and is usttflfly apogrewiyfiproc^cwfllii 
the absence of anwidearifiable insult to the myotftthum, 
Tbe principal m^Btarbn of such progression is a- proem 
kaerwn as remodeling, which occurs in asaodarion \fim 
hcmeostitic attempts to decrease ^1 sras through in- 
oeascB an wall thiclmefis. This iilnoat^y itsulis in a change 
In me Kometry of Ac left vemri cfc such that the ch^er 
djUfrc, hypertonics, and becomes more spherical The 
process of cardiac remodeling generally precedes the devel- 

Ecnt of symptoms, occasion^y by months or even years, 
twocesb cfremo deling continues after me appearance of 
symptoms and may contribute importantly to worsening of 
sympmrus despise treatment, 

ttc ammnttee struggled with its perception that many 
fi;^™™ do not appreciate tit progressive nature of left 
veniiixukidyEninctb 

3ng and piophylao^ for them, prindples that are grite 
analogous to wdHecognized strategies in the field of 
oneology. Fox this reason, it believed that the progressing 
evohition of HF conM appropriately be characterized by 
considering 4 stages in the erohnion of the disease as 
describ ed in the iuorrciducrion and Table 1, This daasanta- 
tion scheme recognizes that HF, like coronary ^tery d^ 
ease, has established risk actors; that die evolution of HF 
has afiympwnadc and ^ptamatic phases; and that treat- 
nr^tQ prescribed at each stage can reduce the morbidity and 
mortality of HF, 



[|L ASSESSMENT OF PATIENTS 

j$ w Xtutud Ei t frffi(T f * fm vf Patients 
B&iectzatt ofPrz&fwittg Conditions 

x T^^fiwriwi of Patients. In general, parents vrith left 
ventricular c^sfimction present to the physician in 1 of 3 
vfeyx vrfiih a syndrome of decreed exercise trderance; vfrth 
a tyndrotne of fluid jcetmtionj or with no symptom* and 
taddentfllly discovered left ventricular disfunction, 
2. IdcnMcatian of Structural Abnormality. A cornplete 
history and physical examiaadem are the first crepe in 
gating the stractural abnrmnaBiy ox erase reeponroble 
for the development of HF. Although the history and 
phyical eranunarion may provide important dues about the 
nature of the undedjong cardiac abnormality, identification 
of the structural abnormality leading to HF generally 
requires cither nonhwasive or bwasiv* imaging of the 
cardiac structures. The e*£e most useful dugnosric test in 
dxe evabation Of patients vntb HF ifi the >djmen&onal 
echocardiogram, coupled with Dopplcr flow studies. Other 
tests may be need to provide inforrnatian regarding the 
nature and severity of the cardiac abnormality. lUdfonudide 
ventriailograpby can provide highly accurate measurements 
<£ dobal andre^onal £onctiO(D. and assessment of ventricular 
enlargement, but it is unable to diredty assc^ vaWar 
flbnorrnaSrics ox cardiac hypertrophy. Both chest radbgra- 
phy and 12-Jead <d^crmcardiograms are considered to pro- 
vide W$eline information in most patients, but because they 
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are borh uisensiove and nonspecific, neither the chest 
radiograph nor the eh^cardmgram alone should form the 
primary baas tor dercrmim'ns the specific cardiac abnormal- 
ity responsible for the development of HF. 

Recently, the measurement of ciicmating lcvtlfi of brain 
natriuretic peptide baa become available as a means of 
identifying patient? vith elevated left ventricular filling 
pleasures who are Iikdy to exhibit signs and symptoms of 
HF- The assessment of this peptide cannot reEably distkt- 
ginsh patients with systolic £om those vrith diastolic dys- 
ftmr nrrri. However, it has been vridery investigated as a 
biochemical marker of morbidity and mortality in patients 
vrithkiown HF (11) and as an aid in dufcrentkring dyspnea 
due to HF from dy$pnea due to other causes m an 
emergency setcng (12), The rob of brain r^triuretic pepiidn 
meaiwremcnt in the identification and management of 
patients with symptomatic ox «yrapiornatic left ventricular 
dysfunction remains to be fully clarified, _ _ _ • 
3 EvaluMion of Cause of Ventfncnlflr Dy^fimnrirm, 
Idenrifiearion of the disorder leading to HF may be impor- 
tant, because some causes of left ventricular dysfunction are 
reversible or treatable, However, it may no: be possible to 
, dis cern the cause of HF in many patients who present vvidx 
' syndrome, and in others, the undcriying condition may 
not be amenable to tteatment, Hence, physicians should 
focus their efforts on diagnoses thai have gome potential for 
improvement -wirii therapy dirccred at the underlying cot- 
dnion. Evaluation of potential causative factors should 
lactone taJdng n patient and famlry hietory, general labora- 
tr^ p t3ssrinai evaluation of the possibiliry of coronary artery 
disease, and evaluation of the posaibflny of primary myo- 
cardial disease. 

B. Ongoing Evzht<i&>>i cfHF 

Once the nature and canee of the structural abnormalities 
W;^ to the development of HF have been defined, 
physic* should focue on the cli nical asseBament of pa- 
tientfi, both during the initial presentation and during 
subsequent visits. This ongoing review of the patient's 
rfailffll status is critical to the appropriate selection and 
monitoring of treatment. It should jjidnde assessment of 
functional capacity, assessment of volume status, laboratory 
evaluation* and assessment of prognosis. 

p^^rrv^itiore for the Evahiaiion of Patients Wrm HF 
dassl 

L Tnoxou^L history and physical exarmnatioii to 
identify cardiac and aoneardinc disorders that 
might Lead to the development of HF or accelerate 
the progression of HF. (Level Evidence: C) 
2, Initial and ongoing assessment of patience ability 
to perform routine and desired acriewties of daily 
Irving'- {Level afJBvrd&tai: C) 
•3, Initial and. ongoing assessment of volume status. 
' (Level vfEm&mct: Q 
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4. Initial measurement of complete Hood count, uri- 
nalysis, sCTtun electrolytes (including rfllr . hrm and 
Tnng TTgfiTmn) T blood urea nitrogen, serum creatinine, 
blood glucose, fever frnrtrnn tests, and thyroid*- 
rtunularing hormone. (Level of Evidence: 0 

5. Serial monitoring of acrom electrtdytea and renal 
function. (Level of Evidence: C) 

& Tn it"1 12*4ead electrocardiogram and chest radio- 
graph- (Ztfvfi/ of Evidence: Q 

7, LntiflL2-dimeiu8ionfll echocardiography wfth Dopp- 
lcr or radionuclide ventriculography to assess left 
ventricular systolic fonctxon* 0L#ue/ of Evidence C) 

8. Cardiac cafheteriration with coronary flrteriograplry 
in patients with angina, who fife candidates for 
revascularisation. (Lnvd of Evidence:]!) 

Class Ha 

in patients with chest pain who hove not had 
evaluation of their coronary anatomy and who have 
no wwit ram^ ic a ^ fH 1 " to coronary 1 sevasnilari anion* 
(Level of Evidence: Q 

2. Cardiac catheterization with coronaiy jntjexmgraphy 
in patients with known At suspected coronary artery 
disease bnt without angina who are candidates for 
recrocidgnzfllioiu (£parf Evidence: G) 

S« Noninvasrve imaging to detect ischemia, and viabil- 
ity in patients with known coronary artery disease 
and no angina who axe being considered for levafi- 
culuiiatiocQ. (Level of Evidence: C) 

4 K Maximal fxprriw t )Hf^ rt g with measurement of re* 
spiratnry gas exchange and/or blood oaygen satura- 
tion to determine whether HF ifi the cause of 
exercise limitation when die corrtributian of HF is 
{Level of Evidence; O) 

5. M*"*™** concise testing mdi measuremen t of re- 
spiratory gas exchange to identify Mg^-risfc pat ie nts 
who axe candidates for cardiac trnnsplantation or 
other advanced treatments. (Level of&uidenasi JB) 

5, Echocardiography in asymptomatic first-degree rel- 
arxvea of patients with idiopathic dilated cardiomy- 
opathy. Qevtl ef Evidence: C) 

7. Repeat measurement of ejection fraction in patients 
who have had a change in rfi rural status or who have 
experienced or recovered from a rlfmral event or 
received treatment drat might have had a significant 
effect on cardiac Junction, ffawlaf&iid&itce: Q 

8. Scrtenmgforhcmochr^^ 

9. Measurement of serum antbtuclear antibody, rheu- 
matoid factor, urinary vnmllylTn a ndr .1 ic acid, and 
raetanephnncs in selected patients* (jtevel of Evi- 
dences G) 

Class lib 

1. Noninvasive imaging to define the liladihood of 
coronary artery disease in patients with left ventric- 
ular dysfunction. (Level of Evidence C) 
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2. Maximal exerciss tetfng with mea^nxement of re- 
spiratory gas exchange to facilitate prescription of 
an appropriate exercise program* (Le^el Qf&vidrm c e: 

3. Endonryocatmal biopsy in patients in whom an 
inflammatory or hinltrarrve disorder of the heart is 
suspected- {Level of Evidence: C) 

4- Assessment of human imnajRorieficWtry vims sta- 
tus* {Level cf Evidence; Q 

Class HI 

L Endonryocarnialbiop^intherc^iti^ 
parienta with HF. (JLevel of Evidence; Q 

X Rmrtine Hoher monitoring or dgnal-avccaged clec- 
Mcardiogcaphj. [£*vel of Evidences Q 

3. Repeat coronsny arteno^aphy ox nonnxv^s^ve test" 
ing for ifiohemk in patients for whom ooxetnary 
ait cry disease has previously been excluded as the 
csnse of left Teatdcatar dysfunction* (Level of Ev- 
idence: Q 

4. Routine xaca$uremenr of draxlating levcb of nor- 
epinephrine or mdothrlini (Level of Evidence* Q 

fV. THERAPY 

A, Patients of High Risk of Developing 
Left Ventricular Dysfu/utinn (Stage 4) 

Many conditions or bchaviora that axe associated with on 
increased risk of HF can be identified before patients ehow 
any evidence of structural heart disease. Because early 
modification of these factors can often reduce the risk of 
HF, worldng with patients with these risk factors provides 
the earliest opportunity to reduce die impact of HF on 
pubHc and individual health, 

RecpnimendationB for Patients a* High Risk of 
Developing HF (Stage A) 

1. Control of systolic and diastolic hypertension in 
accordance with recommended guidelines. (Level af 
Evidence: JO 

% 9 Treatment of Epid disorder* in aocordatt ce with 
recommended guidelines^ {Level afEvidsntei E) 

3. Avoidance of patient behaviors that may increase 
the risk of HF (eug;, smoking alco&ol oonsnmp- 
tion, and illicit drug use). (Level of Evidence: Q 

4. Angiotensin converting enzyme (ACE) inhibition 
in patients whh a history of atherosclerotic vascular 
disease, diabetes meDirne, or hypertension and as- 
sociated cardiovascular risk factors. (Level of Evi- 
dence: 2f) 

5. Control of v rot&WIflr nrtn in patients with snpnavcn- 
tricidar mchyarn^jdinua& (Level of Evidence: E) 

6. Treatment of thyroid disorders (£*evdcf Evidence: C) 
7 t Periodic evalnatioii fbr sign* and symptoms of HF, 

(Level of Evidence: C) 
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Nfminvnsive e»am*tiart of left ventricnlar faction in 
patients with a strong family Hfittwy of cardiomyop- 
athy or 5» tiiose rCC^vin^ cardletnxic interventions, 
(Itfi;^/ flf Evident?? Q 

ef Evidence; C) 
X Reduction of dietary call beyond dxat which Is 
" piudent for Jxeallhy mdivioWs in patients wx&out 
ig^ertenaim or flmd retention. (Lew* of Evidence: 

0 

3* Routine toting to detect left wrmWfar dysfunc- 
tion in putients without signs or symptoms of HF 
ox evidence of etmetural heart disease. <f 
Evidence: C) 

4, Routine use of nutritional supplements to prevent 
die development of etriictiiral heart disease. (Lrtttf 
vf Evidence-* Q 

B. Patents m& Left Vti&kxhr ty&tn&tm 
Who Have NotDevekp&d Symptoms (Stage B) 

Patients without Gymptomt but v&o have hzd a myocardial 
iEfircriM and patients without symptoms who havs evi- 
dence of Left ventricular dygfimctiim are at e o n ridrnitile rid: 
of developing HF. The likelihood rfdcvdopin&dirdcalHF 
can be drntinished by the use of therapies that reduce the 
riskof adiMoiialu^Tiry, the process of rem o del m g, and the 
progression ofkft ventricular crysfuacrion. However, as ^th 
patient&yMi no etructunl heart disease, tiicre ia no evidence 
thai conrml of dietary eodhm, partiripation m regular 
exercise, or use of nutritional supplements can prevent the 
development of HF in patients with a recent or remote 
myocardial infarction wrth ro without left veritricular sys- 
tolic dysfunction. 

Jlecoinmeadations for Patients » Aj^ptomfiric 
Left Ventricular SystoBe Dysfunction (Stage B) 

Class I 

1. ACE inhibition in patients wih. a recent or remote 
lristnry of myocardial inferetion regardless of ejec- 
tion fraction. (f^vel of Evidenced) 

% ACE inhibition i0 patients with a reduced ejection 
fraction, whether or not may nave experiep^ed a 
myocardial inferctioiju (Lew? tf Evidence: £) 

3. Bctarfclockade in pRtients with a recent myocardial 
ittfcrction regardless of ejection irecrion. tff 
Evidence: A) 

4 Bete-nlodeode in patients wJth a reduced ejection 
*™n^ p whether or not may have experienced a, 
myocardial infer ction, (Lew/ of Evidence? JQ 

5. Valve replacement or repair for patients with he- 
modynamically significant valvular stenosis or re- 
gurgitation. (Letf a? of Evidence: if) 
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6. Regular eWuatiou fiw signs and tympUwna of HF. 

7. Measure* Bfited as daas I r rmrnTn e nr lati nnB for 
patients m stage A- {Levels if Evidence? A E,andC 
as afpTcpffate}* 

Lcmg^tenn treaiment vitk systemic vasodilators in 
patients Tyitb. severe aortic icgtirgrtstion, (JLevel tf 
Evidence: J2) 

class m 

1. Treatment TOtn digoodn in patients 'with left ven- 
tri^gr dysrunction^lw are in. sinus rnjtiun. {Level 
vf Evidence; Q 

2. Reduction of dierary Galtbcyondtiwt^tich is prudent 
for lieahiry in^vidnals xn patients vatnout nypcrten- 
elxm or floid lEtentioiu {Lend of Evidence C) 

3. Ecerdee to prevent ti\e development of HF* (Z^a/ 
of Evidence: C) 

4w Routine nee of niiftitional eirpplemcnta to treat 
structural heart disease or prevent tiic dewloprnexit 
of symptom? of HF. {Level of Evident* Q 

CPtrientsW&LeftVertneB^ 

With Current or Prior Symptoms (Stage ty 

J, General Measures. Measures listed as daae I recom- 
xneodatione for patients in stages A and B are also appro- 
priate for paticntH -witii cuirat or prior sjmptoms of HP 
(sec Section V). In addition, moderate sodium restriction is 
indicated, along win daify measuranerit of weight, to 
pcrmir effective use of lower and -safer doses of dlwietic 
(kugg. Inuouiiization with tnfliiftnza and pneumococcal 
vaccuies may reduce the risk of a raprnitnry mfcetioa. 
Ahfcongh most patients should not participate in hewy 
labor or exhaustive sports, physical activity should be en- 
couraged, except during periods of acute decompewatioft or 
in patients with suspected myocarditis, because restriction of 
activity promotes physical decQncUriomng, which, may ad- 
versely affect clinical status and contribute to the exercise 
intolerance of" patients with HP (13-16). 

Of the genual measures that should be pursued in 
patients with HF, possibly the most eSbctire yet least 
udlracd ia close attention and follow-up. Noncompliance 
•with, diet and medications can rapidly and profoundly affect 
rise rlir^l status of patients, and increases in body weight 
<mA mmor changes in symptoms commonly precede the 
major ^n^«l episodes that require emergency care or 
hospitalization* Patient education and close supervision, 
•which tndudes surveillance hy the patient and his or her 
fi>TT\i1y between physiaan visits, can reduce the likelihood of 
xioncoropliance and can often lead to the detection of 
changcE in body weight or rTiTriral status early enough to 
allow tiae patient or a healthcare provider an opportunity to 
Institute treatments that can prevent rlimral . deterioration 
and hospitalisatioiL Supervision between physician visits 
ideally may be pejfbaroed by a nurse or physician assistant 
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with, special training in the care d£ patients with. HF. Such 
an approach hte been reported to hsvc significant clinical 
benefits (17-20). 

2. Drags Recommended for Routine Use. Most patients 
-vpxth symptDmadc left ventricular dysfunction should be 
routinely managed with a. combination of 4 types of drags: 
a diuretic, an ACE inhibitor, abeti-adrenergjc blacker, 2nd 
(usually) digitalis- (21). The value of these drugs has been 
established j& nnnicrtfus large-scale rlTniml toils, and the 
evidence supporting a central role for their use is compelling 
and persuasive. Patients "with evidence of fhnd retention 
glimi^ be given a diuretic until a ewolemic state is achieved, 
and diuretic therapy should be continued to prevent the 
recurrence of fluid retention. Even if the patient has 
responded firrorahly xo the diuretic, treatment with an AGE 
inhibitor and a beta-blacker should be initiated and main- 
tained inpatients who can tolerate tkem, because they have 
been shown to favorably influence the long-term prognosis 
o£HF* Therapy wiih digaxin may be initiflted it any time to 
reduce symptoms and enhance exereiGe tslexance. 

3. IntecvrnticmB to Be Considered for Use in Selected 
Patients. Several mtcrondofls have been shown in con- 
trolled clinical trials to be useful in a limited cohort of patients 
-with HF, Some of these are undergoing active investigation in 
large-scale ttfak to determine whether their role in the man- 

ofHF might justffiably be expanded. They include 
aldosterone antagonists, angiotensin receptor blockers, hydral- 
azine and woeorhide dimtiRtc, and exercise training. 

4. Drugs and Intervention* Under Active IrrvestigHtiniL 
Several dfngs and interventionfi me under active evaluation 
in long-term feige- scale trials because they Gnawed pmmise 
in pilot raidies tiiat involved &audl numbers of patients. 
Until the results of definitive trials are available, none of 
th"g* iaterventijDns can be recommended fbr ttsc in patients 
•with HF, These include vasopeptidase i nhib it ors, cytnkinc 
antagonists, EndotheBn antagonises, synchronized biven- 
tricular pacing, atonal comterpulsatinn, and tccrnuques 
for respiratory support 

5. Interventions of Unpwjwed Value and No* Recom- 
mended* Interventions of unproved value that arc not 
recommended include nvtrifi™ 1 ^ supplements - and hot*- 
monal theranies, mtenaht ent -intravt norus positive inotropic 
therapy) and dynamic cardaomyopilaBtyi 

Rer^mmendations for Treatment of Symptomatic 
1^ Ventricular Systolic Dysfunction (Stage Q 

Class I 

L Dhnctzcs in patients who have efvidence of fluid 
retention, (JLevd rf Evidence: A) 

2. ACE inhibition in all patients unless contraindir 
catcd* (£evd of Evidence: A) 

3. Beta-adrenergic blockade in all stable patients un- 
less c^nttamcUcflted. Patients should have no or 
sniflimal evidence of fluid retention and should not 
nave requited treatment recently "with an tntrccve- 
nous positive inotropic agent. (fctvdcf Evidences A) 
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4. Digitalis fbr -the treatment of symptoms of HF 7 
unless CPPtxHindicnted. (Level of Evidence: A) 

5. Withdrawal of drugs known to adversely afreet the 
cKnk&l status of patients (e-g-, nonrtofoidal anti- 
ijin^nrrnatoxy drugs, most q-ntiarrhjATwiif- dxugsj 
QtifT mngf ralriiTin rkamielhlnclringdrngBl.. {Level of 
Evidence B) 

6. Measures lifted a* class I recommendations fbr 
pstiewtsia stages AandB (Level* of Evidence: A> -B, 
end C as afrprnfriate). 

CTlacfl Ha 

1. Spixonolactjone in patient with recent or current 
class TV svmptorns, preserved tenal function, and a 
normal potaBSrom concentration- (JLevd of Evi- 
dence: B) 

% Exercise training as an adjunctive; approach to 
improve rlfmrail stains in ambulatory patients, 
(Level <f Evidence: A) 

3. Angiotensin receptor blockade in patients who are 
being treated with, digitally diuretics, and a beta- 
blocker and who cannot be gSvta an ACE inHbiior 
because of cou^i or an^rnema. (£*wd cf Evidence 

4. A combination of hydralazine and a nitrate in 
patients -who are Wing treated with digitalis, diuret- 
ics, and a beta-blocker and who cannot be given an 
ACE inhibitor because of hypotension or renal 
frieiHRrienty . (Level uf Evidence: If) 

Class Ub 

1. Addition of an angiotensin receptor blocker to an 
ACE inhibitor. (Level vf Evidences B) 

2. Addition of a nitrate, done ox in combination with 
hydralazine, to an ACE inhibitor in patients who 
are also being given ittgitate, danretics, and a 
beta-bfocbav (Level of Evidence: S) 

ClaficKl 

1. Long-term intermittent use of an in&ston of a 
positive inotropic drug, (Level afgvzdeiiter Cj 

2. Use of anaxu^oicaw receptor 

ACE mhibitor in pati*=nts witk HP who have not 
been given or who can tolerate an ACE rnhibitor. 
(Level uf Evidence; J3) 

3. Use of an an^ntensin receptor blocker before a 
betarbloclcer in patients with HF who arc fairing an 
ACE inhibitor. (Level of Evidence: A) 

4* Use of a "f^™™ channel blockbig drug as a treat- 
ment for HF. (Level Evident*} Jf) 

5. Routine me of nvtritional supplements (coenzyme 
QJO, c^rnittne, crnrine, and anrioxzdants) at hor- 
raonal therapies ( giu t vflx hoxmone or thyroid hor- 
jnone) fbr the tze^tment of HF- (Level of Evidence: Q 

D. Patients Wdb Refractory End-Stage HF (Stvge D) 

Most patients with HF due to left ventricular eystolic 
ffysfunction respond favorably to pharmacological and non- 
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phannacnbgjeal treatments and enjoy a good quality of life 
and enhanced survival However, despite optimal medkal 
therapy, some padents do not improve with treatmcjic or 
n^BrtMiefi rapid recurrence of qmptomfl. Such patients 
generally We symptoms (bidnding profound fatigue) at 
rest ex on TnroA ™^ exertion* cannot perform most activities 
of dofy£vfo& frequentij' have evidence of cardia c mrh rxi a , 
and typicalry require repeated or pmlonged hospitalizations 
for inteaavB rnanagenient. These indrviduala represent the 
most advanced state of HF and should be considered for 
specialized treatment strategies such as mechanical chruk-* 
Tory support, eominnous innavenou£ positive inotropic 
therapy, refciral for cardiac tmnsp^nTntifrttj or hospice care. 
Bcibre a patient is considered to have refractory HF, ir is 
cddcal that physicians confirm the accuracy of the mflgnn - 
eifij identify and reverse, if possible, any contnhuring eon- 
drtions; and ensure that all convendoasd medical strategies 
have been optimally employed. 

Many patients with advanced HF have symptoms that arc 
related to the retention of salt and water and thus wiH 
respond* favorably to inttrvendons designed to restore so* 
dium balance Hence, a ordeal step in the successful 
management of end-stage HF is die recognition *M me- 
dcnlons control of fluid retention. 

Controlled t n$* suggest that patients with advanced HF 
respcad favorably to treatment with both ACSE inhibit ors 
and beta-bLockcrs in & manner similar to those with mild to 
moderate disease (22,23). However, because neurohormone! 
mefhsnisms pky an important role m die support of 
droiktory homeostasis as HF progresses, neurohonnonal 
pwTtig ncigro rosy be less vrell tolerated by padents -with 
severe gyjnproms than, by patients with mild symptoms. 
Padcnw who are at the end stage of their disease^ ate at 
particular risk of developing hypotension and renal insuffi- 
ctemyafertheadrnirnstr^ of an ACE inhibitor and of 
rrp» T>T^n E vrarsening HF after treatment with a beta- 
bLockc As a result, padents with refractory HP may 
tolerate only small doses of these nenrohoimonal antago- 
nists or may not tolerate them at ill 

Many oomreonlv performed catdiae surgical procedures 
(tg., coronary artwy bypass grafting and valve repair/ 
rerJaoesnent) are being performed with increasing frequency 
hi patients with HF, including those with advanced symp- 
toms. Revascularization is routinely recommended for pa- 
tients with left ventricular dysfimctionvirho have angina, but 
its role m patients without symptoms, of ischemia r emains 
controversial 

Cardiac transplantation is enrrendy the only established 
surgical approach to die treatment of refractory HF, but it 
is available to no more than 2500 patients yearly in the 
United Slates (24). Alternative surgical and mechanical 
approaches for the treatment of end-stage HF are under 
development. Extracorporeal devices are approved for cir- 
culatory support in patient* who are expected to recover 
from a major cardiac ineult (eg., postcarcUotomy shock) ot 
who m expected to receive a definitive treatment for HF 
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(e.g., heart tmniplantatina). Left ventricular assist devices 
provide Ffrwiinr degrees of hemodynamic support, but marry 
are implantable and thus allow for patient ambulation and 
hospital discharge (25,26). One ongoing trial is evaluating 
the long-term utility of such a device in patients wrm. 
refractory HF who are not candi-dpy* for a heart transplant 

R R^vfwmpTirlp^ rvri c Jbi Patients With Refractory 
End-Stage HF (Stage D) 

Glass I 

1* Meticulous identification and control of fiu*d re- 
tention. (Level vf Evidence: E) 

2. RdEerral for cardiac transplantation In eligible pa- 
tients. (Level vf Evident*: B) 

3. Hdfenal to an HF program with expertise hi the 
management of icfbctotyHF. (£,cvdtfEwulaice:A) 

4. Measures listed as class 1 recomm motions for 
patients in staged A, E, and C. (Levek of Evidence; 
A> B, and C as appropriate). 

Class ffl> 

1, Piumonaiy artery catheter placement to guide ther- 
apy in patients with persistently severe symptoms. 
(Level of Evidence: d) 

2, Mitral vato repair or replacement for severe sec- 
ondary mitral regurgitation, ijjevel uf Evidence; C) 

3, Continuous intravenous infusion of a positive ino- 
tropic agent for palliation of symptoms. (Level uf 
Evidence: Q 

Class III 

1* Partial left: vcnfcdcnilectomy, [Level of Evidence: C) 
2. Routine intermittent infusion* of positive inotropic 
agents, (ftvelef Evidence: JB) 

V. TREATMENT OF SPECIAL POPULATIONS 
AND CONCOWirTANT DISORDERS 

Many patients with HF are mcmbcrE of subpopulatians or 
have eoniorbid conditions that, either oonmbutc to the 
development of their HF or make the rnanagcancjit «f their 
HF symptoms more difficult. These factors need to be 
considered in the management of such patients. 
1. Special. Suhpopulations. Many subgroups are underrep- 
rescnted in most trials, and some present unique problems 
in HF management* These mdbde women and rocn, racial 
minorities, and elderly patients. 

% Concomitant Disorders- Patients with left ventricular 
dysfunction frequently have associated cardiovascular and 
noncaroUovaseular disorders, the course or treatment of 
which may exacerbate the syndrome of HF, In many 
patients, appropriate manflermftnt of these concomitant 
illnesses may produce clinical and prognostic benefits mat 
may be as important as the treatment of HF itself. These 
concomitant conditions include cardiovascolar disorders 
such as hypertension, hyper%idernia, and diabetes mellitus; 
coronary artery disease; supraventricular arrhythmias; too- 



ti 'd l WON 



dnoas iN3ivd isavd h<iw : s mi -91 "d3s 



om9:(ss4jjuj) Nonvyna , :qiso « wmm , mxmmm , [am M uwd w shot shmm iv qad* , te/ot asvd 



2X10 HimtefsL 

AC&AKA Bceoaffre Summary 

triculftf awli y i ln pfafl and pxcrcudon of Sudden death; and 
prevention of ^tfomb&tlc events* Associated noncardiovaff- 
cular disorders include, renal insufidency, pulmonary dis- 
ease, cancer, and thyroid disease. 

Recommrnflftrinnfi for Management of Concomitant 
Disease* in Patients 'With HF 

Class I 

1> Control of systolic and diastolic hypertension in 
patients with HP in accordance wirh recoironended 
gnidelinest (Jjcvd vf Evidence; 

2. Nitrates and beta-blodbece (in conjunction with, 
diuretics) for the treatment of angina in patieats 
with HF. (Level cfEmdenta g) 

3. Cotonary revasailflrization in patients who have 
both HF and. angina. (Level of Evidence: A} 

4* Anticoagulants in patients with HF who tare par- 
oxfsmal or elmaic atrial fibrillation or a previous 
thromhocnibolic event. {Level of Etixd&Uet J) 

5. Control of the venttiazlar response in patients with 
HF and atrial fibrillation with a beta-blocker (or 
ainiodaxon&> if the beta-blocker is contraindicated 
or not tolerated). (Level of Evidence: 

6* Beta-adrenergic blockade (unless contzaindicsi&d) 
m patients with HF to reduce the risk of cxtMrn 
death* Pariente should hove no or minimal fluid 
retention and should not have recently required 
treatment with an intravenous positive inotropic 
agent. (Level of Evidence? A) 
' 7, Implantable caidioverte^ftfibriTlflfotj alone or in. 
conihinarioii with trniiodacorie, in patients with HF 
who have & history of sudden death} ventricular 
nhnllation > or hemodytiamically desfcubifixing ven- 
trini^r tachycardia. (Lew/ of Ev&UrU&d) 

Class Ha 

1. Antiplatelet agents for prevention of myocardial 
lnfar rfi<Mi and death in patieats with HF who hove 
imdedying coronaiy artery disease, (Lcvd cf Evi- 
dence: B) 

X Digitalis to control the ventricalaT response in 
patients with HF and atrial fibrillation. (Levi! of 
Evidence: 

Class lib 

1, Coronary KvascularizatJori in patients who hfcvc 
HF and coronary artery disease but no angina. 
(Level of Evidence: 

2. Restoration of sinus rhythm by electrical cardiover- 
sion in patients with HF and atrial fibrillation* 
Qjevel qf Evidence: G) 

3; Araiodaxone to prevent sadden death in patients 
with HF and asymptomatic ventricular arrhyth- 
mias, (Level of Evident B) 

A Anticoagulation in patiexrfs with HF who do not 
have atrial fibrillation or a previous thromboem- 
bolic event. (ZadhI of Evidences JS or 0) 



JACC Vol 38. Nd. 7,2001 
December 20012101-13 

Class EH ' . 

1, Routine use of as implantable cardioverter^ 
defibrillators! patients witii HF. (JLcvd of Evidence! C) 

2, Class I or HI antainhythmic drugs (except amio- 
daxone) in patient? with HF.for the prcvenxion or 
treatment of asymptomatic vendicidar arrhythnuas. 
(Level of Evident*} J§ 

3, Ambulatory elecrrocardiogranhin monitnging for 
the detection of asymptomatic ventriculax arrhyth- 
mias. (Lewi of Evidence: J) 

VL DIASTOLIC DYSFUNCTION 

Apprcrjdraately 20% to 4096 of patients with HF have 
preserved left vearrkufer systolic function and On the 
absence of valvular disease) am believed to have an impair- 
ment of ventricular relaxation as the primary mechanism 
leading to symptoms (27-31). Several recognized myocar- 
dial disorders axe associated with diastolic dysfunction, 
including restrictive caidic^nyopathy, obstructive and non- 
obstructive hypertrophic carrjiexnyoozthy, and infHtrative 
caidiOT^paihiea. However, the vast majority of patients 
who present with HF ppjj normal systolic fl^c&j& n do not 
have a defined myocardial disease bat nevertheless have a 
clinically sigaincant rmpdiment of diastole funcriora. 

Many of the changes that occur in the cardiovascular 
system as a result of aging have a greitcr impact on diastolic 
function than an systolic per£mnanct (32). HF associated 
with preserved systolic function Is primarily a dinease of 
elderly women, most of whom have hypertension (28), 
These pari ems smSer considerably from dyspnea and fatigue, 
which «>" limit- their exercise tolerance and quality of" life, 
and they are hospitalized frequently for clinical stabffizarion 
(33), Although the risk of death in these patients appears to 
be lower than in patients vdrh HF and poor systolic 
fhncdon, the management of these patients still has major 
socioeconomic implications (34). 

It is difficult to be precise about the diagnosis of diastolic 
dy^funcrion. Noninvaorvc methods, especially those that rely 
on Doppler edbocardiography, have been developed to assist 
in such diagnosis. In practice, however, me diagnosis of 
diastolic HF is generally based on the finding- of typical 
symptoms and signs of HF in a patient -who is shown to 
have a normal left ventricular ejection auction and no 
valvular abnormalities on echocardiography* 

In contrast to the treatment of HF due to systolic 
dysninction^ few dfajwil triofe Are available to guide the 
management of patients with HF due to diastolic dysfunc- 
tion. Although controlled studies have been performed with 
digitalis, ACE inhibitors, angiotensin receptor antagonists^ 
beta-blockers, and calcium channel blockers in patients with 
HF who had i normal left venoicular ejection fraction, 
these trials have been small or have produced inconclusive 
results (15-39), Nevertheless, many patterns with diastolic 
HF receive treatment with these drugs because of the 
presence of comorbid conditions (Le., atrial nhrilktion, 
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hypertension, diabetes or coronary artay disease). In addi- 
tion, recornmcndatioris regarding the use of anticoagulation 
tfld intiatifaythrnic agents apply m both systolic and dia- 
stole HF, 

In -the absence of coarmlkd clinical trials, the manage- 
ment of patients win diastnlk dysfunction is frequently 
detemined by a set of therapeutic ptioriplfin (31). These, 
Tnr hiflr connol of blood pressure, control of tachycardia* 
reduction in central blood volume, and alleviation of myo- 
cardial ischemia. 

TVrrnntnfindfltioT) c for Management of HF and 
Preserved Systolic Function 

Ckfiel 

1» Cofltrol of systolic and diastolic hypei-tension in 
accordance mth published guidelines. (Level of 
Evidenced) 

2i Control of Tentacular rate in patients T»ith atrial 

fibtination* (LrvaZ of Evidauz: Q 
3* Diuretic? to control puhnooary congestion and 

per5pheral edema. (Levd vf Evidence: Q 

CbssUz 

Coronary revascularization in patients v/Jrxi coronaxy 
artery disease in whom, syrnptrmiatic or dernonstrable 
myocardial iacbemia is judged to have an adverse 
effect on diastolic function. (J*evel pf Evidence; C) 

Class lib 

1. Restoration of sinus rhythm 5n patients with atrial 
fibrillation. (JLeod ofEiMemx C) 

2. Use of beta-adrenergic btod&ng agents, ACE in- 
nibitogCfi, angiotensin receptor blockers, or calcrom 
antagonists in patients with controlled hyperten- 
sion to miiranize symptoms of HP. (Lrw* of Evi- 
dence: Q 

3. Digitalis to fiymptoxne of HF. (Ltud of 
Evidence: Q 

VII. END-OF-UFE CONSIDERATIONS 

Although issues eurroTmding etvr-cf-lrfe care deserve atten- 
tion for all chronic renninal diseases, several general prin- 
ciples merit particular discussion in the contest of chronic 
HF (40*41). Education ofboth patient and family regarding 
the expected or anticipated course "of illness, final treatment 
options, and planning should be undertaken before the 
patient becomes too in to participate in decisions, Discus- 
aons regarding treatment piefeenccs, living; wills, and 
advance directives should encompass a variety of Jifcety 
rmiriiiEgn™ that include responses to a potentially revers- 
ible cxacerbatioa of HF, a cardiac arrest, a sudden cata- 
strophic event finch as a severe cerebrovascular a ccident, and 
tforGcrnng of major cq existing noncardiac conditions. In 
revi evring these issues -with families, shortrt£rm mttrvention 
in anticipation of rapid recovery should be distinguished 
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£om prolonged Efe support Tvithou* reflKmahk expectation 
of return to good functional capacity. 

Hospice services have only recently been extended to 
patients dying ofHE Originally developed for patients uriih 
end-stage cancer, the focus of hospice care has now been 
expanded to the relief of symptoms other than pain (42). 
Ihis Is appropriate, because the en faring of patients with 
HF is characteristically linked to symptoms of brcathlcss- 
nees, <"""i thus, compassionate care may require the frequent 
a Ami n^mtijQTL of mtjawenons diuretics and fin some cases) 
the continuous infusion of positive inotropic agents rather 

an the use of potent analgesics. Physician* caring for -these 
patients, however, are becoming more comfortable 'with the 
prescription of axrtiolytics and narcotics to ease distress 
during the last days, 

RfptraifflMffldalfonF £°r End-of-Life Care 
Class I 

1. Ongoing patient and family education regarding 
prognosis for function and survival. (Level of Evi- 
dent* C) 

2. Patient and firmly education about options for 
fhrmm^ating and implementing advance directives. 
(fevd of EtridencG C) 

3. Continuity of medical csrje between inpatient and 
outpatient setting?. (£&osl of Evident C) 

4. Components ofhospice CHre that arc appropriate to 
the relief of suiEexjng. (Level of Evident O 

Class HI 

Implantation of a cflrdiovgrtg^d rjihftflflfnr in. pa- 
t jT'+fi with daS€ IV symptoms who are not nntiripared 
elxoical irnprovcruerit from available 
treatments i {fcevd of Evidence: Q 

VIII, IMPLEMENTATION OP PRACTICE GUIDELINES 

Despite the publication of evidence-based guidelines 
(6,21,43), the current care of patiems with HF remains 
guboptimaL Numerous studies document uriderutilrzation 
of b=y processes of care, such as use of ACE inhibitors in 
patients "with decreased systolic function and the measure- 
jrjear of left ventricular ejccuoa fraction (44-46), The 
rdativery sparse literature on implementing practice guide- 
lines for patients with HF can be divided into 2 areas: 
isolated provider interventions and disease-rnanagerneiit 
systems approaches. It is dear that disseroh^riori of a 
practice guideline must be accompanied by more intensive 
educational and behavioral change efforts to maximize the 
chances of improving physician practice patterns. The 
disease-management approach, views HP as a chronic illness 
spanning the home, outpatient, and inpatient Bettings and 
involves inultidisriplinary team care. Observational and 
raridomized controlled trials have generally shown that 
disease-management programs reduce hospitalizations and 
can improve quality of life and functional status (20,47). 
Insufficient evidence ejdste to make uniform iccorornca- 
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dados.? about the most ^propnatc roles for genualist 
plffdrinflS- and cardiologiste in the care of patients wirii HR 
Many questions rrma™ Do generalkt physician fl and ear- 
diologifltB paovide eunlfcr levels of can for die nagcardiax 
comortud conditions fixqucntiy present in patients -with 
HF? What is the optimal time for referral to a special^ 
What is the most effective system of comanagaoenf of 
patimts b7 genecallsts and andlologtee? What die most 
cost-c&cnve entry point into % dieeasft-JXianflgement pro- 
gram? Regardless of the ultimate answers to these question^ 
$H physieians find other heaVrhrflre •providers must advocate 
and fcJIow care practices that iavc been shown to improve 
psrient outcomes. If a physician k not cornfbrcable fbllovr- 
Jug i specific rearm rnrfldfltirm {e,g n the use of bct&~ 
hlockete), then the phywekn ehould refer the patient to 
someone with overuse in HF. A cofbho retire model in 
which generate and specmnst physicians "work together to 
optkiize the care of patients HF k ]3c£y to be most 
isaitfuL 

Recommendations for Ixnplrmmting Practice 
Guidelines 

Class I 

L Mnitifectajifll interventions tihnt attack different 
barriers to behavioral change. (£e>t)d of Evidence: A) 

2. Multidisciplinaxy dlscase-iEianftgement programs 
for patients at high risk for hospital admission or 
r 1jni*at deterioration. (Zmcl ef Evidence; J3) 

3. Academic A-tmlm]* or educational outreach visits. 
(Level of Evidence: A) 

Ones TTol 

1. Chart audit and feedback of results. (Level of 

Evidence: A) 
% Reminder svrtcrofi. (Level of Evidence: A) 
3. Local opinion leaders* (LppcvT Evidence: A) 

Cksellb 

Mnrtidisripluiarf diaease-man^g^mftnt programs for 
patients at low risk for hospital admission or clinical 
deterioration. (Level vf Evidence: B) 

Class III 

1* Dissemination of guidelines without rnoro *nten^ 
are behavioral change efiorts. fccvehf Evidence A) 
2* Basic provider education alone. (Level of Evidence: A) 
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The cardiac component of cardiac cachexia 

Vlorcl Flora, MD, PhD, DSc, ab Michael Y. Hencin, MP, PhD* Mathias Rauchhaus, MD* 
Veronlka Koloczek, MD * Kakesh Shanna, BSC, MftCP* Wolfram Dothner, MD, fl,c FhAHp A. PooI^WIlson, MD, a 
Andrew J, S, Coals, DM, a and Stefan D. Anker, MD, PhD** London, United Kingdom, Minneapolis, Minn, and 
&c*r2n% Germany 



Background Recent evidence suggests the importance of noncardtac mechanisms in the genesis of the syndrome of 
cardiac cachexia. This raises foe question of the relative roEe of the heart itself in this syndrome. This study sought to as- 
sess the cardiac dimensions, moss, ond Function and changes in these parameters over time in patients with chronic heart 
failure with and without cachexia. 

Methods Doppler echocardiography was performed in 28 patients with nonedematous weight loss [>7.S% over a 
period of >6 months) compared with 56 matched patiente without weight loss in a ratio of 1 :2 (age 71 ± 1 3 vs 67 ± 6 
years, P = .07; New York Heart Association class 2.9 ± 0.7 vs 2.6 ± 0.6, P = .08], In 1 8 cachectic ond 35 nonca- 
chectic patients with previous echocardiographic recordings, we analyzed the changes in left ventricular (LV| dimensions 
and mass over time. 

Results Cordioc dimensions including LV diastolic (69 ± 9 mm vs 67 ± 13 mm) and systolic cavity diameter (58 ± 
11 mm vs 55 * 1 5 mm), LV moss (480 ± 1 80 g vs 495 ± 1 90 g), and LV systolic and diastolic function including frac- 
tional shortening (16% £ 10% vs 1 8% ± 10%), fsovolumic relaxation time (29 ± 22 ms vs 36 ± 27 ms), and E/A ratio 
{27 i 1 .6 vs 3.3 ± 2.9) did not differ between cachectic and noncachetfic patients (all f> > .1). By analyzing changes 
in LV mass over time, we found an increase (>20%) in 2 (11%) cachectic and 14 {40%} noncachectic patients and a de- 
crease in LV mass (>20%) in 9 (50%) cachectic and 8 (23%) noncaehech'c patients (x* test, P < .05). 
Conclusions Although no specific cardiac abnormality coutd be detected echocordiogrophically in cachectic pa- 
tients compared with patients with noncochecfic chronic heorr failure in a cross-sectional study, over time a significant toss 
of LV mass (>20%) occurs more frequency in patients with cardiac cachexia. (Am Heart J 2002;144:45-50.) 



lGAQ*mx<ting severe chronic heart Mure (CHF) Is of- 
ten accompanied by a loss of total body far and lean 
body mass, known in its most severe form as cardiac ca- , 
chesda, It has been recognized since the classic descrip- 
tion by Hippocrates 1 and is associated with a particularly 
adverse prognosis. 2 A clear understanding of the mecha* 
nlsms of reduced weight and wasting occurring in this 
syndrome still eludes us, A reduced blood flow to the 
limbs 3 ' 4 may deprive tissues of the necessary subscraies 
for normal protein turnover and growth.* The concept of 
generalized cellular hypoxia as a consequence of the fail- 
ing heart is thought by some to be of central importance 
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co che pathogenesis of cardiac cachexia. 6 However, grow- 
ing evidence suggest the importance of noo cardiac 
mechanisms in the genesis of the syndrome. These in- 
clude malnutrition, 7 ^ ncurohormonal and immune activa- 
tion with catabofic-anabollc imbalance, 9 cytokine activa- 
tion, l0 "' 3 and altered protein, fat, and bone mineral 
roeraholisnL 14 * 6 The increasing evidence of the "periph- 
eral* component of cachexia raises the question of the 
relative importance of the "central/ or cardiac compo- 
nent. 

Although the cachectic heart has been described as a 
pathologic decrease in the size and mass of the 
heart,* 7 no studies have followed changes in cardiac 
dimensions or mass over time in patients with CHF 
with cardiac cachexia. The purpose of this investiga- 
tion was to assess cardiac dimensions, mass, and func- 
tion and changes in these parameters over time in pa- 
tients with COT with and without cachexia by use of 
quantitative Doppler echocardiographic techniques. 

Methods 

Patient population and characteristics 

The target population for this study was an cachectic pa- 
tients wicn CHF of ischemic ot dilated cardiomyopathy ort- 
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glD, referred for an echocardiographic examination w part of 
their routine assessment at the Royal Brampton Hospital be- 
tween 1 992 and 1999. A total of 28 male consecutive pa- 
tients with cardiac cachexia were Studied. Cardiac cachexia 
wu$ defined as documented nonedcraatous and noninten- 
tional weight loss of ~>15% over a period of >6 months. 2 
The diagnosis of heart failure was based on history, exarniaa- 
tiort, dtictro cardiogram, chest radiography, and echocardio- 
graphic findings and made if both Of the following were 
present: symptoms compatible with a diagnosis of heart fail- 
ure, mainly exertional brcathlcssncss for at least 6 months, 
and evidence of substantial impairment of left ventricular 
(LV) systolic function or LV filling on Poppler echocardiogra- 
phy. These patients were matched with 56 patients with 
CHF without weight loss In a ratio Of 1:2. There was no dif- 
ference between the 2 groups with and without cachexia 
with respect to the underlying cause of heart failure. Heart 
failure was of ischemic origin la 18 {64%) cachectic patients 
and in 37 (6690 noncaeheede patients. The presence of isch- 
emic heart disease was shown by coronary arteriography or 
documented myocardial infarction. Patients were classified is 
having dilated cardiomyopathy if normal coronary arteries 
had been demonstrated an coronary angiography. The ca- 
chectic group did not differ significantly from the noncachec- 
dc group with respect to age (71 £ 13 vs 67 ± 8 years, P = 
.07) and New York Heart Association class (2.9 ± 0.7 vs 
2.6 ± 0.6, P = .08) and had a lower body mass index (21 ♦ 
2 kg/m 2 vs 28 ± 4 U&m 2 , P < .0001). 

No patient had uncorrected hemodynamicalrf significant 
valvular disease, myocardial infarction within xhc previous 12 
weeks, chronic King disease, neuromuscular disorders, or 
severe kidney failure. The medical regimens of all the en- 
rolled patients were optimized and all were sympionaaucahy 
stable. Medications included angLo tew e lo-converting enzyme 
inhibitors, diuretics, nitrates, digitalis, ^-blockers, and aspirin 
or warfarin in varying combinations. No significant differ- 
ences In medication were found between cachectic and non- 
cachectic patients. 

In the documentation of weight loss for die detection of 
cachexia, special care was taken that no patient had periph- 
eral or pulmonary edema, significantly elevated jugular ve- 
nous pressure, hepatomegaly, or ascites at the time of assess- 
ment. The noncacheetic patients had no history of significant 
oonedematous weight loss in die 2 years before the study. 

Procedures 

Simultaneous DoppJer echocardiograms and phooocardio- 
grams were recorded along with standard lead H of ihc elec- 
trocardiogram, with the patient supine and in the left scmilat- 
cral position. All patients were studied at rest and during 
quiet respiration. 

Echocardiograms were, recorded with the use of a Hewlett- 
Packard Sonos 1500 echocardiograph with a 2.5-MHz trans- 
ducer (Andover, Mass). The pattern of LV wall motion was 
assessed from sondard left parasternal and apical views. Sys- 
tolic and diastolic LV dimensions, septal thickness, and poste- 
rior wall thickness were measured from the Mknodes of die 
LV minor axis obtained with the cursor by the tips of mitral 
valve leaflets, with the use of leading-edge methodology. End- 
diastole was taken as the onset of die q wave of the slmulta- 
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neoushy recorded electrocardiogram and end-systole as the 
onset of the aortic component of the second heart sound 
(A3) on the phonocardtogram. All Dopplcr cardiography: re- 
cording* were made at a paper speed of 100 millimeters per 
second. The LV mass was calculated from Perm convention 
criteria. *° Left ventricular fractional shortening was estimated 
as the percentage of decrease in dimension during ejection 
with respect to end-diascollc dimension- Posterior wall thick- 
ening fraction was calculated as the percentage of increase in 
end-systolic wall thickness with respect to end-diascolic thick- 
ness. From the long-axis traces, the total amplitude of long- 
axis excursion was determined at the Left, septal, and right 
sites, and the mean mitral ring movement was calculated. 
Left ventricular isavolutnic relaxation time was measured as 
the dmc interval from the A, to the onset of mitral cusp sep- 
aration on the M-mode trace. From the cransmitral pulsed- 
Dopplcr trace, peak early (E) and late (A) diastolic filling ve- 
locities were measured and the EVA ratio was calculated. 
Mitral E-wave deceleration time was measured from the peak 
of the Bwarc to its end. 

Phonoc ardiograms were recorded from the right or Left 
sternal edge, with the use of a medium- or rugh-frcquency 
filter, In the position where A^ was most obvious, checked 
against aortic valve closure artifact on puJsed Doppler record 
of aortic flow. 

Changes in measurements of LV performance over 
time 

To assess the changes in measurements of LV cavity size, 
mass, and funcdou over rime, before the index assessment, 
all available prcvlons cchocardiographic recordings per- 
formed in our laboratory were also analyzed. Eighteen ca- 
chectic and 35 noncacheetic patients included in the study 
were identified as having had a previous cchocardiographic 
examination ^6 months before the Index assessment (mean 
follow-up dmc 24 ± 15 months). The reproducibility of the 
cchocardiographic overall LV performance in our laboratory 
has been described previously. 19 

Statistical analysis 

Descriptive values are expressed as mean ± SD for cross- 
sectional parameters and mean ± SEM for changes over time 
within patients groups, 'fhe unpaired Student t test, Mann- 
Whitney U test, and x 2 wese used when appropriate. For 
all tests, a P value of < 05 was considered ^aristlcaUy signifi- 
cant. The reproducibility of LV mass assessments with the 
use of echocardiography is limited- therefore, for the assess- 
ment of changes over dmc In LV mass, we focused on the 
determination of a definite state of LV mass increase (>20*0 
or a state of LV mass decrease 020%). Statistical analysis 
was performed with a standard statistical program package 
<$tatView, version 4.5, Abacus Concepts tnc, Berkcry, Calif). 



Results 

Chamber size, dimensions, and systolic Function 

Left ventricular and left atrial size did not differ be- 
tween the 2 groups, although LV dimensions were 
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Left ventricular end-diastolic diameter (mm) 

Left ventricular end-systolic diamclcr (mm) 

Intcrvonhicvlof «ptaj ihidmaw |mm) 

Left venirioular posterior wall thickness (mm) 

Left ventricular mass (g) 

left atrial dimension (mm) 

Left ventricular fractional shortening [%) 

Left ventricular posterior Vfotl fhick^vrtg [%) 

Mean tnitml ring movement (mm) 



G&chcctK 


Nonce chctHc 




(n = 28) 


\n = 56) 


P 


69x9 


67=13 


^3 


58 i n 


55 ± 15 


.35 


12 = 3 


13±3 


.11 


11-2 


12=2 


A 


460 ± 1B0 


495=190 


-73 


48±9 


46^8 


.56 


16 ± 10 


19= 10 


.23 


53 ±19 


60= 15 


.37 


9-3 


9 ±3 


.25 



Cachectic Noncachectic 

(n = 2$) (n = 56) P 

M-mode measurement 

Uovclumic relaxation time (ms) 29 ± 22 36 ± 27 .26 

Doppler measuremerrts 

Peak E diastolic Riling vebdiy ImA) 0.7 = 0.3 0-fl = 0.3 .71 

P^Udimtofc filling velocity {m/»| 0-4 ± 0.2 04 ± 0.3 -86 

E/A ratio %t±\A 3.3 ± 2.9 ,31 

E-wavc d^krtitTan time (ms) 73 ± 37 76 ± 26 77 



slightly greater in the cachectic patients (Table I), Min- 
imal differences were found in interventricular septal 
thickness (P = .11) and posterior (Jf = .40) wall thick- 
ness and LV mass between the 2 groups with and 
without cachexia, but LV mass was almost identical in 
both study groups CP = 73). Similarly, LV function 
assessed by percent fractional shortening, the race of 
posterior wall, thickening, and the mean mitral ring 
movement did not differ. Left ventricular fractional 
shortening was lower (16% ± 10% vs 19% ± 10*0 in 
patients with cardiac cachexia, but this difference did 
not achieve statistical significance (P — -23). This 
lower average value was due to slightly greater end- 
diastolic and end-systolic diameters among the cachec- 
tic patients and not to markedly lower values for per- 
cent fractional shortening In a few subjects. 

Diastolic function 

Left ventricular diastolic function assessed by the 
Doppler pattern of LV inflow and Ewavc deceleration 
time was also similar in the cachectic and noncachec- 
tic groups (Table II). Isovohimic relaxation time was 
slightly lower in cachectic patients (29 * 22 ms vs 
36 ± 27 ms), indicating that left atrial pressure and LV 
filling pressure were slightly higher in these patients. 
Nevertheless, this difference was statistically nonsignif- 
icant (jP = ,2$), and no other variables suggested spe- 



cific diastolic abnormalities in patients with cardiac 
cachexia. 

Changes in measurements of LV performance over 
time 

There were no consistent changes in LV size, mass, 
and function from the previous examination to the 
index examination in the patient population as a 
whole, though the direction of changes differed be- 
tween cachectic 0* = 18) and noncachectic (n « 35) 
patients (Table ID). Although' the measurements of LV 
size and mass remained stable or slightly increased 
during the time interval between the previous and in- 
dex examinations in the noncachectic group, these 
variables had a consistent negative direction in the ca- 
chectic group (Tabic IV). The differences in change 
over time between the groups with and without ca- 
chexia achieved statistical significance in terms of LV 
end-diastolic diameter and were the strongest for 
changes in LV mass (Jigure 1). By focusing on the de- 
termination of definite LV mass increase (>209fi) or a 
state of definite LV mass decrease (>20%), we found 
an increase in LV mass in 2 (11%) cachectic and 14 
(40%) noncachectic patients, stable LV mass in 7 ca- 
chectic and 13 noncachectic patients, and a decrease 
in LV mass in 9 (50%) cachectic and 8 (23%) nonca- 
chectic padents (x 2 test, P < .05). 
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Previous Index Absolute 

examination examination changes 



LVEDD (mm) 






-5 ±2 


Cachectic 


73 i 2 


68±3 


NonccchecHc 


64±2 




1 2:2 


LVKD (mm) 








Cachectic 


62 ±3 


58 ±3 


-4 ±2 


Noncachectic 


53 2:2 


$2 a: 2. 


1 ±2 


(VST (mm) 








Cadiechc 


12^ ±0.5 


12.4 ±0.6 


0.1 ± 0.6 


Noncachedic 


12.5 = 04 


12.8 2:0.4 


0.4 x 0.4 


LVPWT (mm) 






-0.7 ± 0.5 


Cachectic 


11.3 ±0.4 


10.6^0.6 


Nonecctifidic 


11,3 2: 0.3 


11.3 = 0.3 


0.1 = 0.3 


LV mass (g) 








Cachectic 


540 = 45 


455 £ 40 


-80 = 45 


Nonoachedic 


430 ± 25 


440 ±30 


35 ±25 



IV, Lb* wtricuJor; LVEDD, LV «ntf-dia Jtolic dimension; IVESD, LV oxJ-xyrolie diomefer; JV5T, inhzrvontricJor «p*J ihdrasj; IVPv/r, IV posterior wd thldeoau. 




Cachectic NoncachecHc 

(n = 18) (n = 3S) P 



venlricular end-diastoKc diameter {%) 
Left ventricular cnd-*y*»lic diameter [%) 
Interventricular septal thickness \%) 
left ventricular posterior wolf thickness. (%) 
Laft ventricular mdi* (%) 



-6 ±3 
-6 ±3 

1 £5 

-6 ±4 
-11 ±7 



3 = 3 
3 = 5 
5±4 
2±3 
11=6 



<.05 
,2 
.53 
.12 

<.03 



Discussion 

The current study failed to detect any specific car- 
diac abnormalities in patients with cachectic CHF com- 
pared with patients with noncachectic CHF when 
assessed in a cross-sectional study. Neither measure- 
ments of cardiac dimensions and mass nor measure- 
ments of LV systolic and diastolic function differed 
significantly between the 2 study groups with and 
without cachexia. However, when these patients were 
followed for a mean of 24 months, changes In ventric- 
ular mass and transverse cavity diameter were ob- 
served, which differed in direction in patients with 
cardiac cachexia compared with noncachectic pa- 
tients. In the group of patients as a whole, none of the 
measurements showed any significant change. Never- 
theless, in individuals, a significant loss of LV mass 
over time occurred more frequently in cachectic pa- 
tients compared with noncachectic patients, strongly 
suggesting that neither change was simply random or 
the result of measurement error but rather that such 
continuous evolution should be considered as part of 
the natural history of the disease. 



Previous studies 

The phenomenon of cardiac cachexia has been rec- 
ognized for many centuries. 1 The entity "cachectic 
heart," first described in 1968 by Burch et al ,T as an 
acquired pathologic decrease in size, mass, and fat 
content of the heart, was of central importance in ex- 
plaining the pathogenesis of cardiac cachexia. The role 
of reduced blood flow to the tissues was further devel- 
oped by Pictman and Cohen,* who proposed that gen- 
eralized cellular hypoxia is of central importance to 
the pathogenesis of the syndrome of cardiac cachexia* 
It results in poor oxidative metabolism in muscle with 
subsequent reduced aTP production that depresses 
protein synthesis. 20 They also suggested that cellular 
hypoxia initiates catabolism or inhibits anabollsm. 6 

Several subsequent studies questioned the impor- 
tance of the changes in the heart itself in the genesis 
Of cardiac cachexia, indicating the role of severe an- 
orexia 21 and of altered lipid metabolism. 22 Ansari" 
described 2 different syndromes of cardiac cachexia 
and of the cachectic hearL He also proposed the pres- 
ence of pedal edema, cardiac size, and QRS voltage on 
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serial electrocardiography as the most important clues 
in the differential diagnosis of these 2 syndromes. 23 
The syndrome of cardiac cachexia within CHF has sub- 
sequently received little attention, 2 * 

Current studies 

Although the reasons for loss of muscle remain un- 
clear, CHF is regarded as a carabotic state with cyto- 
kine production, 10 " 13,25 ' 2 * insulin resistance, 27 and an 
abnormal ratio of catabohc to anabolic steroids. 28 The 
syndrome of cardiac cachexia is currently shown to be 
closely related to neurohormone! activation 9 and meta- 
bolic alterations. 1 ' 4 " 16 ^ The increasing evidence of 
these "noncardiac" factors raise the question of the 
importance of alterations in cardiac structure and func- 
tion in this syndrome. 

Current study 

It is generally accepted that worsening of heart fail- 
ure is associated with an increase in LV size and mass, 
and this is confirmed in our noncachectic subgroup of 
patients. Whether this can be expanded to cachectic 
heart failure has not been investigated previously. In 
our study, no significant differences in LV mass were 
found between cachectic and noncachectic patients 
both at the time of previous examhiation and of index 
examination. However, when monitoring these pa- 
tients, significant difference in changes in this variable 
over time were noticed. Although echocardiography 
has some limitations in estimating LV mass, this differ- 
ence was proved by the significant difference in 
changes over time in LV diastolic cavity diameter and 
by the observed trend in differences in changes over 
time in die ventricular posterior wall thickness (Table 
IV). The logical time sequence of events to explain 
these findings can be that the patients were analyzed 
at the time when noncachectic patients on average 
would still have an increase in LV mass over time and 
cachectic patients were on average loosing LV mass. 

The pathogenesis of cardiac cachexia has yet to be 
elucidated, and the role of the heart in this syndrome 
remained obscure until evidence emerged that cachec- 
tic patients have high circulating levels of rumor ne- 
crosis factor. 10 This cytokine causes many of the clini- 
cal features of cachexia, and its production is 
increased in patients with a variety of neoplastic, infec- 
tive, and collagen disorders characterized by muscle 
wasting and malnutrition. 30 In rhe study of Ansari, 2 * 
the syndrome of cachectic heart was described apart 
from the syndrome of cardiac cachexia, implying dif- 
ferent pathogenetic mechanisms in these syndromes. 
In our study, the reduction in body weight occurred in 
parallel to the wasting of LV mass, indicating a com- 
mon mechanism. Possibly, the ncurohormonal activa- 
tion 31 that accompanies the failing heart could induce 
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Dynamics of left ventricular mass over Hme in patients with and 
wiltaui cachexia. ALV mass in cachectic patients versus ALV mass 
in noncachactic patients, P < .03- 



a variety of "peripheral" alterations, including abnor- 
malities of the skeletal muscle and metabolic impair- 
ment. When the sum of these factors reach a thresh- 
old, a cascade of secondary vicious circles are 
initiated, leading to skeletal and cardiac muscle wast- 
ing and cachexia. 

Limitations 

Retrospective data were used to assess the changes 
in measurements of LV performance over time, though 
all measurements were performed by a Single experi- 
enced observer who was unaware of patient details 
and group assignment The individual measurements 
we made, particularly in LV cavity size and mass, will 
have been subject to measurement error, a problem 
compounded when small differences between those 
made on 2 occasions several months apart were de- 
rived. This effect was minimized by use of identical 
equipment and techniques on both occasions. Al- 
though all patients were receiving standard medica- 
tions, treatment was individualized and was thus not 
uniform throughout the group of patients studied, and 
most of the patients were studied before p-blockcrs 
were included in standard therapy. Wc are thus unable 
ro determine whether their use would have altered 
dynamics of LV size and mass over time. Finally, mea- 
surements in individual patients were made on only 2 
occasions, so we cannot say whether these changes 
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are consistent or subject to longer-term variability in 
their direction or magnitude. 

We thank Dr Derek G. Gibson for helpful discus- 
sion and review of the manuscript. 
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Abstract 

Background; The "cachectic heart" has been described as a pathologic decrease in the size and mass of the heart, but no in vivo studies 
have shown change? in cardiac dimensions or left ventricular (LV) mass over time in chronic heart failure (CHF) associated with body 
wasting (cardiac cachexia). Cardiovascular magnetic resonance (CMR) has high reproducibility and is more sensitive than other techniques. 
Methods: CMR studies of LV volumes and mass were performed at baseline and a mean of 1 5 months later in nine CHF parients with cardiac 
cachexia and 28 matched CHF controls without cachexia (mass index 23 ± 1 vs. 29 ± 5 kg/nr\ P= 0.0005). Results: At baseline, LV end- 
diastolic volume (197 ± 78 vs. 203 ± 65 ml), end-systolic volume (131 ± 75 vs. 126 ± 63 ml), LV mass (213 ± 44 vs. 222 ± 62 g) f and LV 
ejection motion (3S ± 1 9% vs. 40 ± 16%) did not differ between cachectic patients and controls (all P>0. 10). During follow-up, there was a 
significant decrease in LV mass in patients with cachexia ( - 16* g, P < 0-05) and a trend to increase in LV mass in patients without cachexia 
( + 7 ^ jp= o.l 2, comparison between groups; P" 0.010). Conclusions: The direction of changes over time in LV mass differs in OIF patients 
with cachexia as compared with non-cachectic controls. A significant decrease in LV mass occurs in patients with cardiac cachexia. This 
study documents in vivo the occurrence of wasting Of the left ventricle in patients with CHF who demonstrate general body wasting. 
© 2003 Elsevier Ireland Ltd. All rights reserved. 

Keywords: Heart failure; Cardiac cachexia; Left ventricular mass; Magnetic resonance imaging 



1. Introduction 

longstanding severe chronic heart failure (CHF) is often 
accompanied by a loss of fat, lean and bone mass [1,2], and 
when the wasting process leads to weight loss it is termed 
"cardiac cachexia". It has been recognised since the clas- 
sical description by Hippocrates, and is associated with a 
particularly adverse prognosis [3]. Although the "cachectic 
heart" has been described as a pathologic decrease in the 
size and mass of the heart [4], and although some patients 
may be shown to lose cardiac mass [5], no study has shown 
consistent in vivo changes in cardiac dimensions or ven- 
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tricular mass over time in CHF patients with cardiac 
cachexia. The purpose of this investigation was to assess 
prospectively, using highly reproducible cardiovascular 
magn&tic resonance (CMR) techniques, the left ventricular 
(LV) dimensions, mass and function and the direction and 
magnitude of changes in these measurements over time in 
patients with CHF with and without cachexia. 



2, Methods 

2.L Patient population and characteristics 

The study was performed during the rime interval be- 
tween September 1999 and March 2000, The target popu- 
lation for this study was all cachectic CHF patients (see 
below for definitions) of ischemic or dilated cardiomyopa- 
thy origin, referred for CMR examination as pare of their 
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routine assessment at the Royal Brompton Hospital between 
April 1998 and May 1999 (index time period). A total of 
nine consecutive patients with cardiac cachexia were iden- 
tified physically present At the study time period, with no 
contraindications for the repeated CMR and willing to 
participate into the study* These patients (aU men, age 
50-87 years, duration of heart failure prior to first CMR 
scan: 10 ±6 years) had documented non-edematous and 
non-intentional weight loss of more than 7,5% over a period 
of more than 6 months prior to the first CMR scan, 
according to our previous definition of cardiac cachexia 
(6]. We also aimed to recruit a group of non-cachectic CHF 
patients of the same age and heart failure etiology to match 
the cachectic patients in a 1 :3 ratio who also bad undergone 
a CMR during the index time period. This group comprised 
28 patients with non-cachectic CHF (24 men and four 
women, age 50-79 years, duration of heart failure prior to 
first CMR scan: 11 ± 7 years). 

The total number of CHF patients who had a CMR scan 
during the index period was 77 (cachectic: 11 [14%]). 
Subsequently, three patients died, one patient received a 
pacemaker, four patients were unstable at the time of being 
considered for the second study. Three patients declined to 
participate in the study (no reason stated: two; because of 
claustrophobia: one). Thus, of 11 patients with cardiac 
cachexia ai the index visit we have restudicd nine, and of 
the remaining 66 non-cachectic patients we have restudied 
28. We report on the 37 patients who agreed to participate in 
the study and had two CMR scans. 

The primary end point of die study was the comparison 
of the changes in LV mass over time between patients with 
and without cardiac cachexia, on the a priori assumption that 
non-cachectic patients would demonstrate an increase in LV 
mass with time, whereas cachectic patients would demon- 
strate a reduction due to progressive cardiac wasting. 

According to our previous findings, CMR requires nine 
patients with heart failure to detect a 10 g change in LV 
mass over time with a statistical power of 90% and an o> 
error of 0-05 [7]. This sample size takes into consideration 
the intra-observer (2-7%) and inter-study (2-5%) repro- 
ducibility of CMR data in patients with CHF, tested in our 

laboratory [7]. 

We look the European Society of Cardiology guidelines 
definition that the diagnosis of heart failure would be made 
if both of the following were present symptoms compatible 
with a diagnosis of heart failure, mainly exertional breath- 
lessncss for at Jeast 6 months, and evidence of substantial 
impairment of LV systolic function or LV filling on Doppler 
echocardiography [8]. CHF was of ischemic origin in fbur 
(44%) cachectic patients and in 14 (50%) non-cachectic 
patients. Hie presence of ischemic heart disease was shown 
either by coronary angiography or documented myocardial 
infarction. Patients were classified as having dilated cardio- 
myopathy if normal coronary arteries had been demonstrat- 
ed on coronary angiography. The cachectic group did not 
differ significantly from the non-cachectic group with re- 



spect to age (69 ± 12 vs. 65 ± 9 years, P-0.20), but they 
demonstrated, as expected, a lower body mass index (23 ± 1 
vs. 29±5kg/m 2 , P= 0.0005), 

At the time of investigation, all patients were clinically 
stable and were regular outpatient attendees. No patients 
had clinical signs of acute infection or other primary 
cachectic conditions (such as cancer, thyroid disease, or 
severe liver diseaseX none had residual signs of peripheral 
or pulmonary edema, and were studied when tree of 
ascites. No patients with hemo dynamically important 
valve disease, significant primary pulmonary disease, 
neuromuscular disorders, myocardial infarction within 
the previous 6 months, renal failure, peripheral vascular 
disease, or excessive alcohol intake were included into the 
study. The medical regimens of all the enrolled pariencs 
had been optimised by our heart failure clinic prior to 
study and they were all symptomatically stable. Standard- 
ized medical treatment between the first and second 
examinations included angiotensin converting enzyme 
inhibitors (92% of patients), diuretics (97% of patients), 
nitrates (27% of patients), digitalis (24% of patients), 
beta-blockers (11% of patients) and aspirin or warfarin 
(86% of patients) in varying combinations. No significant 
differences in medication were found between cachectic 
and non-cachectic patients. The study protocol was ap- 
proved by the Ethics Committee of the Royal Brompton 
Hospital, London. All patients gave written informed 
consent. 

2.2. Cardiovascular magnetic resonance 

All subjects were imaged using a Picker Edge 1.5 T 
scanner (Picker, Cleveland, OH 7 USA). LV volumes wore 
determined by the use of contiguous breath hold short 



Table 1 

LV dimensions, mass, and ejection fraction in the two groups of patient* 
wich and wjmout cachexia at Ac baseline and follow-up evaluations 
(mean ± S.DO 





Vbii 


Cachectic 


N on- 


Mean 


lvalue 






<*=9) 


each cc lie 


difference 
















EDV (ml) 


Bascjjne 


197 ±78 


203 ± 65 


-6 


0.83 


Follow-up 


193 ± 86 


202+72 


-9 


0.75 


E$V (ml) 


Baseline 


131 + 75 


126 ±63 


4 


0.8$ 




Follow-up 


126 ±84 


12$ ±69 


-2 


0.93 


SV(ml) 


Baseline 


66 ±1S 


76 ±24 


-10 


0.25 


Follow-up 


66 + 14 


73 + 22 


-7 


0.41 


EF (%) 


Baseline 


38±19 


40 ±16 


-3 


0.67 


Follow-up 


41 ±21 


40±16 


1 


0.92 


LV mass (g) 


Baseline 


213 + 44 


222 + <52 


-9 


0-70 


Follow-Up 


197 + 36* 


229+62 


-32 


0.16 


LV mass/ 


Baseline 


3.30 + 0.S2 


2.55 ±0.69 


0.75 


0.01 


weitfrt (fi/kfi) Follow-up 3.01 ±0.65* 2.64±0.68 r 


0.36 


0.17 



JBDV, eiuUdiastolic volume: ES V, end-systolic volume; SV. stroke volume; 
EF, ejection iraction; LV mass, left ventricular mass. */><0.05 and 
tp^o.lQ between follow-up and baseline examination. 
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Tkblc2 

Absolute and percent changes in ineasurcnicnts of LV cavity size and mass 
during the time interval between the baseline and follow-up examination* 
(mean ± S.E.) 







Cachectic 


Non-cachectic 


Mean 


P-value 








(n=2S) 


difference 




AEDV 


ml 


-4 ±12 


-1 + 5 


-3 


0.77 




% 


-7 ± 10 


-3±3 


-4 


0.35 


AESV 


ml 


-4±11 


2 + 4 


-7 


0.44 




% 


-2) ±21 


-2±4 


-19 


0.14 


A LVmags 


S 


-16 + 7 


7 + 4 


-23 


0.0)0 




% 


-S±3 


• 3 + 2 


-11 


0.007 


A LV mass/ 




-0,29 + 0.12 


0.09 ±0.05 


-0-3B 


0.002 




% 


-8±3 


4 + 2 


-12 


0.008 



A, changes over time; EDV, end -diastolic volume; ESV, end -systolic 
volume; LV mass, left ventricular mass. 



multiplying (he myocardial tissue volume by the myocar- 
dial specific density of 1.05 g/cm 3 . 

2.3. Statistical analysis 

Descriptive values are expressed as mean±S.D. for 
cross-sectional variables and mean ± S.E- for changes over 
time within patients groups. A paired Student's /-test, was 
used to compare the results of the first and second assess- 
ments. Differences between group means were compared by 
unpaired /-test and Mann -Whitney U-test For all tests, a P- 
value less than 0.05 was considered statistically significant. 
Statistical analysis was performed using a standard statisti- 
cal program package (StatView, version 5.0, Abacus Con- 
cepts Inc., Berkeley, CA). 



axis cines from the mitral valve orifice to the LV apex 
[9,10]. Care was taken to position the first slice on the 
atrioventricular valve plane, and subsequent slices were 
acquired moving towards (he apex. Ten to 14 10-mm 
thick slices were required to cover the ventricle. Imaging 
time was typically 30 min. The images were analysed 
using in-liouse developed software (CMRtools©, Imperial 
College London, UK). A single independent operator 
QM.) analysed all the images, and he was blinded to 
the clinical details of the patient and the study date. 
Although it is not possible to blind the images to body 
size, the images were presented in random sequence. A 
fixed set of criteria for the determination of borders was 
used, and both scans from each patient were analysed 
side-by-side to minimise Inter-study variation [7]. Endo- 
cardial and epicardial contours m diastole and endocardial 
contours in systole were drawn manually and end-diastol- 
ic, end-systolic and LV myocardial tissue volumes were 
calculated by summation. Tne LV mass was calculated by 



400 n 
350 - 
| 300 - 
§ 250 H 



150 - 



Non-cachectic <• 
(n=28) 



10 




Baseline 
I 



FollowHip 



— r~ 

p=0.11 



3. Results 

A summary of the LV hemodynamic data at the baseline 
and follow-up exarninations for both groups of CHF patients 
with and without cardiac cachexia is presented in Table I. 
By definition, at the baseline examination, the left ventricle 
was dilated in both groups of patients [9]. At baseline the 
LVEF was decreased and the LV mass was increased to a 
similar degree in cachectic and non-cachectic patients, 
respectively. 

During the follow-up period between the two CMR 
examinations, which averaged 17 months for the cachectic 
group and 15 months for the non-cachectic group (P- 0,16), 
LV dimensions, stroke volume, and ejection fraction showed 
no significant change in cither group of patients (Table 2). In 
the two study groups blood pressure was similar at baseline 
0.5) and did not change during follow-up (P>02). 
Also, body weight remained stable during follow-up 



p=0.0l 



■> Cachectic 
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FoDow-ap 
J 



p=0.04 



Fie. 1. Clwngc in LV mass from baseline to eod of follow-up for patients wit* and wilhow cachexia. Vertical bars denote 1 S.D. above find below the meWL 
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(cachectics: 65.3-66-2 kg; non-cachectic patients 87.8-87.6 
kg). However, analysing changes over time, we found a 
significant decrease in LV mass in cachectic patients 
(— 16 ± 7 g, P** 0-04) and a borderline increase in LV mass 
in non-cachectic patients (+ 7 ± 4 g, P~ 0.12). AS illustraied 
in Fig. 1 , the direction and magnitude of changes in LV mass 
over time were significantly different in patients with and 
without cardiac cachexia (P= 0,010 for f-test as well as 
Mann-Whitney Cutest). 



4. Discussion 

The main result of this study is that the syndrome of 
cardiac cachexia is associated with wasting of the left 
ventricle. In contrast to CHF patients without cachexia, in 
whom LV mass tends to increase farther over time, patients 
with cardiac cachexia show a significant decrease of LV 
mass during follow-up. These findings were demonstrated 
in vivo using the CMR, which is the most sensitive and 
reproducible technique for LV mass estimation currently 
available [11], and significantly superior to 2D echocardi- 
ography [12], Our sample size calculation shows that we 
used a sufficiency large patient population to demonstrate 
significant change in LV mass, and CMR has thus proven to 
be more sensitive to remodelling changes compared to our 
previously published results with 2D echocardiography [5]. 
Changes in LV mass, either up or down, should be consid- 
ered as part of (he natural history of the CHF syndrome, and 
these changes might suggest different pathophysiological 
mechanisms to be operative in patients at different stages of 
their disease. 

It is generally accepted that worsening of heart failure is 
associated with ventricular remodelling and increasing LV 
mass [7], and this is confirmed in our non-cachectic sub- 
group of patients. Whether this can be expanded to cachec- 
tic heart failure has not previously been investigated. In our 
study, no significant differences in LV mass were found 
between cachectic and non-cachectic patients at baseline. 
However, when monitoring these patients, significant dif- 
ference in changes in this variable over time were noticed. A 
possible explanation for these findings is that the patients 
were analysed at the time when non-cachectic patients on 
average were still increasing LV mass and cachectic patients 
were on average losing LV mass. 

A number- of possible mechanisms might underlie the 
reduction of LV mass in heart failure patients with cardiac 
cachexia- It is now commonly recognized that progressive 
LV dysfunction occurs, in part, as a result of apoptosis 
[13,14]. The importance of this type of cell death in cardiac 
failure is not yet firmly established. Questions remain as to 
whether apoptosis is a cause or a consequence of heart 
failure. Apoptosis was shown to be associated with the 
increased myocardial stretch in pros sure-overload-induced 
hypertrophy [15] and to occur at an increased rate and after 
injury due to ischemia or reperfusion [14,16]. Other well- 



known triggers of apoptosis include cytokines, oxidative 
stress and mitochondrial damage [17,18]. Patients with 
severe CHF and particularly with cachexia have been shown 
to have high circulating levels of tumour necrosis factor [19] 
and other inflammatory cytokines [20], Tumour necrosis 
factor causes many of the clinical features of cachexia, and 
its production is increased in patients with a variety of 
neoplastic, infective and collagen disorders characterised by 
muscle wasting and malnutrition [21]. TNF is expressed in 
the heart of patients with severe heart failure [22]. Apoptosis 
may result, and this could explain the reduction in LV mass 
in cachectic CHF patients. 

Different loading conditions, particularly left atrial pres- 
sure and LV afterload, might conceivably be involved in the 
changes in LV cavity size and mass over time. Underfilling 
of the ventricle or an increase in left atrial pressure, possibly 
as die result of inappropriate diuretic therapy, might cause 
changes in LV cavity size [23]. Decreased LV afterload was 
associated with a reduction in LV mass in an echocardio- 
graphic study of anorexia nervosa [24]. In our study, the 
reduction in LV mass in cachectic patients was not associ- 
ated with any changes in LV dimensions and ejection 
fraction. The blood pressure was also similar in the two 
study groups at baseline, and did not change sigoi6cantly 
during follow-up. 

Remodeling of the ventricle, clinically manifested as 
changes in size, shape and function of the heart after cardiac 
injury [25], is another important mechanism underlying the 
progression of heart failure [26]. It is a process that is 
common to multiple heart failure etiologies [27], which can 
be delayed or even reversed by appropriate treatment 
[28,29]. Our patients were on stable therapy and there were 
no significant differences in medication between the two 
groups. The reduction in LV mass in the cachectic group 
was not accompanied with a similar reduction in the 
ventricular cavity size, thus further decreasing the LV mass 
to volume ratio and further distorting the overall geometry 
of the ventricle, which is an independent prognostic marker 
in these patients [30]. 

4.1. Study limitations 

The individual measurements we made in LV cavity size 
and mass will have been subject to measurement error, a 
problem compounded when small differences between those 
made on two occasions several months apart were derived. 
To minimise this effect, identical equipment and standard 
guidelines were used on both occasions, and all the images 
were analysed by the same investigator, blinded to the 
clinical details of the patient and the CMR study date. 
The LVEF appears to be relatively high in the patients 
studied here, but it has been recognised that CMR generally 
derives higher (and more accurate) LVEFs than echocardi- 
ography [31]. Indeed, the LVEF by radionuclide ventricu- 
lography was available in seven (of nine) cachectic and in 
26 (of 28) non-cachectic CHF patients included into this 
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study and averaged 30 ± 10% and 33 ± 16% in the cachec- 
tic and non-cachectic subgroups, respectively (/>=0.49). 
Although all patients were on standard medications, treat- 
ment was individualised and was thus not uniform through- 
out the group of patients studied. Finally, measurements in 
individual patients were made on only two occasions, so we 
cannot say whether these changes are consistent or subject 
to longer term variability in their direction or magnitude. 
However our study is supported by our previously published 
echocardiography follow-up study [5], 



5. Conclusions 

Hie direction of changes over time in LV mass differs in 
CHF patients with cachexia as compared to those without 
cachexia. A significant decrease in LV mass occurs in 
patients with cardiac cachexia. This study documents in 
vivo the occurrence of wasting of the left ventricle in 
patients wiih CHF who demonstrate general body wasting. 
Further studies are needed to find out the mechanisms of 
cardiac wasting in these patients. 
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Ventricular assist device in severe heart failure 

Effects on cytokines, complement and body weight 

A. L Claris 1 , M. Loebe* E. V. Potapov 2 , K. Egerer*, C. Knosalla 2 , R. Hetzer 2 and 

S. D- Anker 3,4 

•jwanerf ofAcaimii QMgf. Ovth W) Hospital, attogtom. BuRUK,' ^D^^ ofn^c and 
Car&oJator Surgery, DwtsAcs Hmmam Arih Berlin, Gemwy: ^Frm^Vo^d-M fCharM. 
BMtoch) at MDCBrtb, Germany; 'Dtpanmant of Cardiac Medidne. MW Btart and Lung Institute. 

Lottdcm, U.JS- 

Alms tatemnatoiy and tomut activate and bady iWns at 90 days. Ttae was so chausc to tumour n^«U 

aDBopflfl jiiic s. 

90 da^s. 

Methods We studied 46 patients (39 males; agS 45* 2 , . 

V^^NYBA doss IV l«ttt failure. M patian* Conclusions Ventrical as* <fcvj« imptent^on ranltt 
STvSr asriat davfc implantat™ £ end- m a sfcort-texm fan m tuwurosi. ftntw « and 

Sale^ofto^i^^^toa.imdhsi^cptors, fector receptor, ^tag that to pathophj^olo&cal 

duuTutiftfri (Wonent, ^ «*abto process lesuMne in irdeimnalion was not atorad by 

^^^^ltTL.t%^^ 5 ^tonlar W ^ davte Motion, to, 

™S at 1 week (n=46), 40 days (n=35) and 90 ^ maffl mdax to related to poo. ^ ate asam dcroc 

S^'£SS , ^a B 5S25SS Key Word,: CWc M a^-ttrtc a** 

SJnecrwiS facior a ftU from 9-fifi ± 1-33 pfi ■ ml" 1 to device, cytokines, rumour nteroro factor o. 

pjemcnt a*d elastic fell wc&Gmtiy to 40 days, but were comment on Oris irtuJe 



Introduction 

Key features of end-stage chronic haatt failure bio body 
wasting and urBaromatoiy and immune activation. The 
origan of immune activation remain inidear, but maybe 
related to body wasting, that 5s, cardial earierfaj>« a 
ftjelf associated with a particularly poor prognosis^. 
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Possible emanations for imnraae activation include the 
heart as a source of cytokines* supported by the finding 
that explanted failing hearts exhibit tumour necrosis 
factor a expressiorf^. Transgenic mice with cardiac 
over-exprcsdon of tumour necrosis factor a develop 
iiopaijed cardiac function* cangestrve heart failure and 
die pitmatnrdy 15 '^ Thus, if the heart ia, indeed, tbe 
origin of iiojnune activatioUo ir may contribute to further 
deterinratiori in cardiac function. Tbe potential stimulus 
to cardiao production of tumour cocrosie factor a is ttot 
clear. 

Anker el a!, have developed an alternative hypoitaBfe, 
that immune activation may be secondary to bacterial 

& 2001 The European Society of Gudiology 
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endotoxin exposure, perhaps as a result of repealed 
episodes of bowd wall oedema, and sutewjuent Trans- 
location of bacterial products across the intestinal 
wall? 3 . In support of this- hypothesis, errcolatiog levels of 
endotoxin are higher in heart failure patients with 
oedema, and become lower witb diuretic tjeatrnerrf 31 . 

Wc were interested to investigate what rrttght happen 
10 immune activation in a group of patients with very 
severe heart Mure who had their central hamodynamio 
problem corrected by the implantation of a "ventricular 
assist device. Device implantation is itself a potentially 
strongly immunogenic rtmmjns. Wo measured tumour 
necrosiB factor a and its soluble receptor, and CD 14 as a 
measure of cuootoxm-cell interaction 153 . In addition, we 
measured activated complement levels, and elastase as a 
measure of neutrophil acovanon p<U13 . There is no treat- 
meat at present for «ch""ft in chronic heart failure 
patients that restores ncmual weight To assess the 
global metabolic effects of left ventricular assist device 
implantation, we also studied bo dy weight changes after 
surgery. 



Methods 

We studied 4fl patients at a angle site who had ventricu- 
lar assist devices implanted for severe cardiac failure (all 
New York Heart Assoriataon class IV), The indication 
for device implantation was end-stage heart failure or 
cardiogenic shock in all cases. The underlying presump- 
don in all cases was that the patient would die without 
further support whilst oa maximal nodical therapy. The 
aim for each patient was that device implantation would 
be a bridge to transplantation. The implantations were 
performed between November 1992 and June 1995. 

The study was approved by the ethics Committee of 
the Berlin Charitc Hospital Many patients were unable 
to give consent for the blood testing, but a relative of the 
patient was asked to give consent where necessary. 

An ELISA was used to measure both C3a (Progen 
Biotechnik GmbH, Hckteberg, Germany) and C5a 
(Bchrjug Werke AG, Marburg, Germany)* C3a and CSa 
being activated complement factors 3 and 5, respect- 
ively, pin^fti" was measured by a commercially avail- 
able ELISA test (E. Merck AG. Darmstadt, Germany). 
CD14 was measured by an ELI5A test left with a 
sensitivity lng.mT* (DSL* Hamburg, Germany), Test 
kits from R£D Systems p^nncapoEs, MN, U.S.A.) 
were used to measure soluble tumour necrosiB factor 
receptor 1 (sensitivity 25pg.ini- 3 ) and ktertouldn-6 
(smsrtrvity 0*094 pg. ml "0, Total tumour necrosis 
factor a (Medgcaix, Fleurus, Belgium; lower limit of 
d^tectaburty 3-Opg.mT 1 ) was also measured. The 
results from this test are not iiiflnenced by soluble 
tumour necrosis factor receptors. 

Samples were taken, separated and rroceen at - 80 W C 
for later analysis. Plasma levels of the cytokines were 
measured- The same sampling system was used for all 
patients. Samples were taloan at the time of surgery 



Table I Pi'e-operativc dwUs of patients undergoing left 
vmtriadar asslsf device impfamcaiau 



Sex 

Diagnosis 
Age (yeaw) 
Height (cm) 
Weight (kg) 

Cardiac index Q - Tnm 3 .m * 
Heart rate (mm~ ') 
Mean cysteimc (mmH g^ 
Mbrp pnfenonuy BP [mmB^) 



Males 39; ftrn^ca 9 
PCM37;IHD 11 
45-3 ±2-0 
176-5 ±1-3 

76-a * a-a 

17'5±0 7 
1-73 09 
122-1 ±2-7 
66-5* 1-2 



Patient dale el time of implantation of ventricular BEaiat device. 
DCM=d&ated cotdloanyopftUiy; jHt)=isehu«iaie heart disease; 
LVEF=4*ft Ventrical to- ejectkm fraction; BP^blood pressure 
Figures given ate nwau ( ± SET). 



(p=48), and in survivors at 1 week (n=46), I month 
(n=35) and 90 days (n =26) post-operation. Data for the 
cytokines measured were log transformed to achieve a 
normal distribution. Wc used Cox proportional hazard 
analysis with Kaplan^Ceier plots to Qlnstrate survival 
data* In those patients who survived at least 90 days 
(n=26), comparison between variables at different time 
slots was with a repeated measures analysis of variance, 
with post hoc analysis where appropriate. In order to 
compare data between the time slots for all subjects alive 
at that moment repeated paired t-tests were used with 
statistical significance set at a probability of <0*01, For 
other statistical tests* a probability of <0*05 was taken 
to be statistically significant Correlations were per- 
formed by the least squares methods. Data are presented 
as menn ± SD, 



Results 

Patient data at the urns of surgery are shown in Table 1, 
There were more patients with dilated- rardioniyopathy 
HiBn with jfichaemic heart disease. AH paiients were on 
intravenous inotropic support at the time of implanta- 
tion. The duration of heart failure before assist device 
implantation was 3-89 ± 3-94 years (range 1 month to 13 
years). Twenty-five patients had a left ventricular assist 
device (20 patients had a Novacor 1 ^ five a HeartMate 
Td n 5) and 23 a brvraitrioular assist (the Berlin 
Heart? 41 )* The devices were implanted with the patient 
on cardiopulmonary bypass. Heparin was antagonized 
fully witn protamine after termination of extracorporeal 
circulation. Intravenous heparin was started 6 to 12 h 
after the operation in the absence of bleeding. Patients 
with the Berlin Heart and Novaeox were later switched 
to coumadinc and aeetylsalicylic acid was added. 
Patients on Td received only acetylsalicylio acid. The 
HeartMste Td left .ventricular assist device implan- 
tation is distinct from the other wo devices in that its 
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Fre-qp 



JTW^I Mean pulmonary artery (PA) pressure immediate!? prior to the iroplantatiou of 

tfe intend core unit following fla precede 



pumping chamber is made of titanium and has a rough 
inner surface allowing for genttraaon of an inner surface 

The average age of inpatients was 45-3 years (range 
15-W7'4- years). At oparation, all patients were in the 
intcuiave care unit requiring inotropic supporc Pulmon- 
ary artery pressure fell immediately alter the operation 
from a mean of 3S-3 *2-l mrnHg to 25-1 ±0-8 
(f^frOOOl) C*% 9- systemic arterial pressure 
increased from 66-5 ± 1-2 at operation to 78*3± 1-3 at 
1 week (P<04G01). There was no difference between, 
devices in the haemodynamio response (PXi-2). 

Xhe clinical outcomes are shown in Table 2. The mean 
duration of voainoular assist support was 124 days 
(range 3-796). Note that five subjects bad sufficient 
recovery of ventricular function for their assist devices to 
he eacplanted, with long-term survival. "Inese survivors 
an had a dilated cardiomyopathy, but had the same 
average age (45-0 ±4-1 years), height (174 ±4 cm) and 
cytokine levels as the main group. They bad a highar 
cardiac index at implantation (2-11. mm' ,m~ )than 
tae mam group, bui ejection fraction and arterial prefi- 
gures were the same. li» survivors were heavier than the 
mato group (85-2 i 3-4 kg vs 7*2±4*5: P=0-2). The 
survival for the group as a whole is shown in Fig. 2. 

The results for cytokine assays for all patients are 
shown m Table 3 and Fig. 3. There were no differences 



between those who had a biventricular as&si device 
implanted and those with a left ventricular assist. After 
device implantation, there was a signrficairt initial fall in 
tumour necrosis factor a concentraiicn, with a gradual 
return to pre-rmplantation values. In order to remove 
the bias induced by considering patients who died before 
the later stages of follow-up, we also show the data in 
Fig. 4 for those patients who survived with ventricular 
assist support for 90 days (n=26> There was no substan- 
tial drHerence, between the two sets of results. There was 
no difference in the measured cytokines at the time of 



Ttthte 2 Patient outcomes 



Oatcottfi 


s 


Time to tnaujplimt/ 
left ventricular eamst 
devic* rmoval/dfiflfh 
(muss) 


Death. 
Transplant 

TriUJgpIaHt then dwtb 
Survival 


31 
U 
5 
5 


9P±B<S(3mS75) 
101 ±&0 00-247) 

71 ±21 (39-91) 
350 ±25? (180-769) 



Ijmei are displayed la daj*. For fee group who died, fbliowing 
trttiiitotfltion- the Individual survival data tbDcwg transplant 
taUonroc 1 diy, 2 dey* 4 day*, 19 days and 675 day*. For those 
who nnvived. the time to removal of assist device is shown. 

Enr Heart J. Vol. 22 t fcsue 24, December 200 1 
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10 
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J^ore 2 Eaptan-Meier survival curve showing ttmes to 
first event A first event & defined us death or traftfittSflu- 
ixSiuiL The data were ccssored at 1 year u*om assist device 
fopkutatioiu 

operation between those who died during the first year 
of follow-up and those who survived (n=12). In Cox 
survival analyses, fevdfl of the measured cytokines at 
Operation, did not predict outcome. 

Hie rifle in tumour necrosis factor a at 90 days 
follow-up was not associated with an increase in signs of 
infection. There waa no rise in white cell count during 
this period (indeed, the white count fell slight ly during 
follow-up; Table 3), and there waa no correlation 
between the white cell count and tumour necrosis factor 
tt at any time point There was no interaction between 
the change in cytokine levels over time and clinical 
outcome (transplantation, deaths survival). 

There was no significant change in soluble tumour 
necrosis Factor receptor type 1. There was a slight, but 
significant increase in soluble CD 14 receptors over the 
time course °* the study. Changes in elafitase, 



interleukm-6 and C3a paralleled the changes in tumour 
necrosis factor a* elthongn the decline in those variables 
continued to the 40 day time point before beaming to 
rise again. 

There was a reduction in body mass after the opera- 
tion (79 6 =fc 2*6 kgpre-aperatrvely; 73-2 ± 24 at 1 month 
(n-35; J^OOOl; Fig. 5), and 72-5±2-6 at 90 days). 
There was a similar reducticm in body moss index 
from 24*9ifc(MHcs.m~* pre-oparatively to 23*3 ± 
(V53cg.m~ 3 at 1 month CP<0-COI vs baseline) and 
23-0 ±0-8 l?g,xn~ s at 90 days (P>0*2 for the compari- 
son with 1 month). This difference was more marked 
when the mass of the devices was subtracted from the 
patients* we#tf (72-4 db 14-3 kg at 1 memtb, 7W =fc 14-3 
at 90 days). There waa no relation between body mass 
index and duration of heart failure (R^OOS; P>0 5). 



Sunrival analysis 

Thoss patients vfao survived 90 days following the 
operation (n~26) were heavier at the time of operation 
than those who died (T53-1 (15-3) kg vs 73-4 (10*55; 
P^O'OOS). Fro-operative body mass index predicted sur- 
vival as a continuous variable (?=0-0053). Figure 6 
Bhows survival in patients with a body mass index above 
and' below 25 kg -m~-, which was the out off for the 
group of patients in the highest tartfe fox body mass 
index. 

Of the cytokines measured at basolinc, only tomour 
necrosifi factor receptoM weakly predicted survival 
(P=0-02). Urea also predicted ofutcome (P-0-01). There 
was no cfiect from electrolytes, blood count variables or 
liver function on survival- There was no effect from sex, 
age or underlying cause of heart failure on outcome- 
Only body mass index was an independent predictor of 
survival. 



Table 3 Change in humoral variables from implantation of 0**1*1 device in chroma 
heart faSttre patients 



(11=48) 



1 week 



40 days 



90 days 



TNFc (pg.ml ') 
iTNFR-1 (pg.ml" 1 ) 
1(3)14 (fig. ml- ') 
C3Bfcg.ail" J ) 
filnslflse Qis . ml" ') 

CSaCng.ml -1 ) 

Na+ framed. 1~') 
Jt+femuM" 1 ) 
UrtaCotnol.r 1 ) _ 
Creatinine (pjaQl .1 1 



3201 ±23B 
W9±0'\$ 
10W±45 
190-5*1*3 
131-3 ±20^5 
793 ±161 

1*6*0-8 
106*2 
J3>*±fl*7 
4-58±O-07 



4*0*1-00 
3578*352 
4-30 ±0-22 
812*46 

55-8 ±17-3 
$92 ±135 

14-8 ±0$ 

37±2 
1384*0-9 
<WJ4±0-06 

114*9 ±94 



2700±368 
4^13*0-22 
(537*51 
75-3 ±7"6 
21-8 ±4-5 
1135*101 

14-2=t ]*4 

97*2 
137-8 ±0-8 
4-12*0-07 
1M±3'8 
99-5 i 8-2 



7S4±145 
3478±477 
*02±O39 
713 ±69 
77* ±10-7 
694 ±45-0 
1105±129 

U-4±H 
1W±3 

137-5* H 
4*20 ±0-08 
l>3*2-5 

121-1 ±9*8 



Different^ white cell COTfflls bib not available. TNFa=tmnflW aecraris fectar a; 
|JStlLllriM factor rtcqptor ^^^J^^^^ 
C5a=&ctifetcd compleiaaiit (actors 3 and 5, napEcbvdy; WCC=wiule cell 

conat; Hb=lra«nD#&biiL Tie dnta are shown ut rocaufl * SEM- 
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|w f j The bebaYiour of cytokine levels foDowiflg device impkntetion, Natar^ logarithms of the data ara 
shown as tbese were normally distributed- Hie ocrarbais are the 95% eenfitace intend 
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p =0-001. 



I 



Prfi-op Jweek <W days 90 dayfl 



1 1 

0 











P = {MI2 


















T 








" T "l 




T 
















» 




i 








Pie-QP 



lweefc 40dfiyB 



£id-0p 



l^eok 4QdayB 90daya 



ffcu* 4 The behavior of cytokine levels foflotffog dwice implantation, Natural loOTittae of the date are 
E^t*^ terror bars are th**5% confidcaoeinter^In flusserfes of niote, 

data an shown only from those psfrails summing uotil 90 days (n«26). 

Correlation analysis {Tig. 7). At tae Tto of operation, tbece were no cone- 

Correlation between variable «c shown in Table 4. lations between haemodynarnic van^lfifi and any of the 
Ttee was a clcse nilatioflship between el^tase aa<* C3a inflammatory indices measured. Tnerc was a close 

Eur Heart J. VoL 22, issue 24, December 2001 
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pr^flp 1 -mnnth 90 days 

ffonrcS Tfcfc pattern of weight loss in those parents snrrmng to frst month of iraist device 
implantation. Ac balder lines n^ffesent two or more patients whose weight increased or 
decreased to t&e same level. 




■ i i — 1 I L 

0 2 4 6 8 1Q 13 

Time (moxxtbt) 



figure 6 Sunival in patfcnte according to ttie body mass Imjcx (BMI) at time 
of assise doefce implantatkin. 



relationship betweea urea and tumour necrosis factor 
receptor I* 

There was a very weak relationship between weight 
at operation and tumour jiecrosis factor receptor 
1 (;i=-o-34; P<0-05), and between weight and 
iateHeukin-6 (r= - 0-37; ?=0-02). TCxare were no corre- 
lations between weight Josf ■ expressed in absolute terms 
or afi a proportion of initial weight, and change m 

Eur Heart J, YoL 22, iscue 24, December 2001 



cytokine level, expressed in absolute terms or as a 
proportion of initial kvcL 

Discussion 

We bave studied cytokine responses to the implan- 
tation of a left ventricular assist device in patiente with 
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Figure 7 The rdatioDfiWp between 4fi*tase and activated C3> K=bfiforB operation; A=l week; «=40 dayej 
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end*tage heart failure. Device Implantation results m 
a temporary fall in tumour necrosis factor a and 
lnterleukm-6, but these largely returned to pre- 
implantation levels by SO days follow-up, Although 
none of the cytokines we measured independently pre- 
dicted outcome, there was a strong relationship between 
body mass at the time of operation and clinical outcome, 
Elevated levels of tumour necrosU cc were first reported 
in 1990 by Levine at al who studied heart failure patients 



with cachearia m . Many other immune cytokines have 
been reported to be debated in chronic bpart failure, such 
as intedeukuifl I [1S3 » o^ 17 * and tf 1 * 1 , soluble tumour 
necrosis factor receptors'' 7 ' 1 ^, and leukocyte chenao- 
fdnes^ 01 . Associated with- the activation is a 

generalized imbalance between anabolic and catabolic 
prowses 1 ^ 1 '^, such that, rata holism predrrrninatcJ^. 
■ • There are two complementary explanations- for tie 
origin of these phenomena. One asserts that abnormal 
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haemodyn amies, ate the source of inflammatory and 
fanmine activation*^, and that chronic hypoxia may 
result in endothelial production of free radicals and 
consequently leukocyte activation 12 * 1 . The heart itself 
may be a source of imwmR activation by tbiB hypoth- 
esis. A second asserts that rnrmrrnnr. activation is a 
consequence of exposure to exogenous antigBn^ 

Thb clinical problem of end-stage heart failure can be 
tackled by heart transptotatioB, &ad increasingly by the 
implantation of ventricular assist devices, usually as a 
bridge to transportation 5 ^. Problems with devices 
include thromboembolic events and possible systemic 
inflammatory responses related to blood contact -with 
artificial surfaced. We have previously shown that 
the degree of complement activaiion is a function of 
the seventy of cardiogenic shock prior to circulatory 
support* rather than an effect of surface activation^. 

in the present study we sought to describe the pattern 
of inflammatory response to the implantation of a 
ventricular assist device. The device improves the 
haemodynsmic deficit of severe chronic heart failure, 
bit without removing the heart as a potential source of 
rcjmune activation. In addition, it adds a potentially 
potent extra source of irnmrmp. actrvatkm in the shape of 
mi extensive foreign surfa ce. However, if there is signifi- 
cant spillover from cardiac cytokine production, nnla aaV 
irjg the heart with an assist devise should cause long- 
term reduction in peripheral cytokine levels in suryxvor*. 

Despite these potentially potent sources of additional 
rnflainmation, and the effects of major surgery, we have 
found an initial reduction in indices c£ inflammation as 
evidenced by a fell m levels of tumour necrosis factor tf , 
jnterieukh>6 and activated complement. These observa- 
tions accord with previous work that suggested that left 
ventricular assist device rmplantatioa reduces thB expres- 
sion of myocardial tumour necrosis factor cP 9 !, Assist 
device implantation can have a profoundly depressant 
effect on T-cell function lasting up to 3 months? 0 *. The 
fall in tumour necrosis factor a seen with Tn^hnnirai 
assist is in contraGt to what is seen with medical therapy 
for acute episodes of decompensation of chronic heart 
Mure where levels do not feU quiefcr/ 7 ' 311 * 

"Why is there a gradual increase in indices of inunune 
activation later during the course of the study? lucre is 
no sign that the patients are retaining fluid and becom- 
ing oedesnaious again. Equally, with the heart still 
supported by the assist device, it seems unlikely that the 
heart b&6 started to secrete tumour necrosis factor c It 
may be that there is low grade sepsis that we have not 
detected dinjoalry, or it may reflect immunosuppression 
fnrinra-H by surgery and fflnass, that is then subsequently 
wearing off. Iafi&uanatory and immune activation 
may be independent of haemodynamic and functional 
changes, 

We found no fall in tie levels of CD14 and soluble 
tumour necrosis factor receptor; indeed there was a 
slight rise in GD14 over the period of the study. CD14 is 
thought to be representative of longer term exposure to 
endotoxin. Tbe temporary fall in rumour necrosis factor 
a and interleukui-6 might be explained by a short-term 
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reduction in ischaenua a? a result of an increase in 
cardiac output in the longer term, tumour necrosis 
factor a increases again (and other mflarnijaatory 
markers never change) because the pathophysiological 
process resulting in mflarnmatian is not altered by assist 
device implantation, as suggested by the persisting CD14 
level 

We considered the possibility that changes in plasma 
volume might mfiuence cytokine levels, but we saw no 
change fn haemoglobin or haematocrit (which was influ- 
enced by surreal management). Therefore we believe 
that plasma volume could only have had a minor 
influence. Nevertheless, the volume of distribution of 
cytokines in heart failure patients is not Icoowm In view 
of the loss of weight in the first week after surgery, this 
may have influenced results; future studies will have to 
address this issue in detail. 

Cardiopulmonary bypass circuits have been shown to 
be potent stimulants of an inflammatory response in 
the short-termP 3,33 ^ but we saw a fall in activated 
complement and elastase at I week. This is perhaps 
surprising in view of me pro-thrombotic stimulus repre- 
sented by the support device. It might be that the stress 
of Alness and surgery resulted in suppression of the 
frnTmirtfl response^ Nevertheless, ooutplcmBnt levels 
were higher than seen in normal subjects (C3a 
<2O0rx£.ml~ 3 » CSa <500ng.mF J ). Blastase was 
reduced to within the normal range (<85 ug . ml - 1 ). 

There is no currently available treatment specifically 
for increasing body weight in heart failure patients. 
Restoring; cardiac output might have such an effect. We 
observed significant weight loss after the assist devices 
were 

^npT^Titwi (6-5 kg, or 8-1% of body mass). This 
weight loss is probably due, at least in part, to reduc- 
tions in body oedema, although, we were not able 
specifically to test for this. It might be thought that 
greater preoperative weight represents more fluid reten- 
tion, and hence worse heart failure, but in this group of 
patients, a higher pre-operatrva weight conferred abetter 
prognosis. This may reflect the known adverse effect of 
cachexia, on prognosis* 5 '. The left ventricular assist do- 
vice implantation did not seem to function as a specific 
aTiticanfmria intervention] as suggested by the fact ttuft 
there was a further (small) .decline in body mass index by 
the 90 day follow-Up. 



Limitations 

There is a possible confounder in the tumour necrosis 
fcctor a data in that the adrrunistration of heparin can 
enhance tumour necrosis factor production by mono* 
cytes OT . All our patients were still receiving hep aria at 
the J wtdc time point, suggesting that the intrinsic fall in. 
tumour necrosis factor a may be being under-estimated. 
Monocytes arc the main site of tumour necrosis factor a 
production and we have »ot measured differential white 
cell counts, nor have we measured left ventricular vol- 
umes, and cannot thus assess any effect that change in 
wall stress may have on St^mmy^ activation. 
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Conclusions 

Patients undergoing ventricular assist dsmao implan- 
tation for severe congestive heart failure as a bridge to 
transplantation have evidence of inflammatory ami- 
ration as demonstrated by raised levels of tmnour 
DwrosiB factor a and its receptor* activated complement 
and elastase and CDK Tbe levels of tumour necrosis 
factor a, interiajkin-fi, C3a and elastase are all reduced 
by device implantation, although levels start to riso 
between 1 week and 1 month after operation. In 
the fhort-tcrm in this group of severely diseased patients, 
3eft vurtricplar assist device ftflptomatinn has no antir 
cachectic effect. Lower body mass index a* the time of 
device implantation is a powerful predictor of poor 
outeftose. 
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Endotoxin and immune 
prospecSve o&fitort study 

Josef NiehBuer, HansQl&r Wk, Michael Kemp, Msrtto Dominguez, RatfR Schumann, Matftfes Raachhaus, 
Philip A PooleWftson, Andrew J $ Costs, Stefan D Anker __ 



Summary 

Background Immune activation In patients with chronic heart 
ftllure may be secondary to endotoxin {lipopoteawhartde) 
action, We Investigated The hipamesls that altered gut 
perrneaMItty with bacterial translocation and endcrtcooemia 
wouW be increased In patients with oedema secon&ty to 
congeslke heert failure. 

. Methods We compared 20 patients Who had chronic heart 
failure with recent-onset peripheral oedema (hiean ege 64 
years [3D 101 New YorK Heart Association 0\JYHA] .desa 3*3 
[0-7]), 20 stable nqn-ocdemHtoils patterns with chmolo heart 
Allure (mean ags 63 yeers [4S1 NYHA ctese 2-6 [Q-7]), and 
14 healthy volunteers {mean age 55 years [16D. BloehOTPloal 
markers of endotoxaemla, Hlarnmrtlorw and himune 
activation were measured Ten patents were studied wtthln 
1 week of complete resolution of oedema. Rve patients 
survived longer than 6 months Hnd ware restucded again after 
remaning free of oedema for mola than 9 months. 

Ffodln& Mean endot£»dn concentrators were higher In 
oefemstoua patients wtjh chronic heart feflune than In etebla 
paliente with chronic heart fettle {0-74 JSD 0-45] vs 
0>3T H)/mL [0-23], p=0O0D9) and contrcjJfi (0-46 EU/mL 
[0-21], p<°t>02). Oedsmatous pHtiarrts had 1he highest 
ooncarttratlone of several cytokines. After shortterm diuretic 
treatment endotoxin poncentraOone decreased from 
f>84 EU/mL [0-49] to CMS EU/mL [0-2iJ, p*CW)5) but 
cytokines mmalnBd raised After freedom of oedema for more 
than 3 months after oedema resohred, endotoxin 
concentrations remained unchanged from the previous visit 
(049 EU/mL [O06], p=Q<46}. 

krbrpretatiixi Raised concentrations of endotoxin and 
cytokines are ibind In patients with chronic heart fellure 
during acute oedemBfaus Bxanertiatian. Intensified diuretic 
treatnttft can nonrnallse endotoxin carcentratlDns. our 
preDrafoary findings Biggest that endotoxin may trigger 
immune activation in patients With chronic heart failure <fljrtrtg 
oedemetoLifi episodes* 

Lancat 1999; 353: 1338-42 
See Commentary page 1812 
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Introduction 

Some pimeaiBTO& chronic hearrfeiluTJE have features sudi 
as, r*rA\At cjcbeidfl. Thar zany be due to acrivurion, of the 
iuumme BS^xcm. 1 '* Increased c^roEion of tHmow necrosis 
fectur a CTNPcO has Dflca found in caxdwc tissue of . 
panenta %^th chronic beazx fahW -andttgedng heaxt 
nansplaniaiiori and tine Ming bean ocsan euggesned &£ 
the cause of accvadon * No linle between a 

p audiogenic pjxccBs find cycoldnx activation has baen 
documtmed in bmnan. beings wilii hfifixr feOure or in 
qqxxdpI moddB. The caude of iocteft-fied q^toldne 
prodncdon in psriems vfiih "htan. &floxe j,nnnTng ixnlcnown. 

Wb have previous^ suggested tha* baererial endormrtrij 
l^p opclyEacchfljidc^ rArtTr ^" rec to immune BcrtvatiDji in, 
chrome htm. fiulurc. 4 Acuce venous coaseatiori could lead 
td steed gur proof^MHry far bacrcriai endotoxin^ or bcth, 
end to translocation of rhecc materials into the osculation. 
In the crrculetioD, lipopclycacchandc ia bcrund by a serum 
pjotmftj termed l^opoIyraryTi^fln-hTnrting protein (XJBP). 5 
Tbe lipc^ciysacqlifliSde-I-SP complex can internet with tiifi 
CD J4 mftmhrane protein md Tollrlikc gig n fl1 fln& rtccptcnH 
TO stmt a signalliDg c^cade that leads tn increased eytoldnc 
producticin (^gure 1). The extracellular rtnmnfrt of the 
CD 14 receptor ia abed after interdiction and Gerttm 
canccntrfltions arc Th maghT to xcfieot rbe Amount of 
ecdntman and c^Il interflcdon. Hie Httopolysaccharidfi- 
X3P rario has been shows to be crucial for the 
^ ^ mfifljtrrni1fl ff?Ty effects of lrpopo3yfftfTJiande. a High 
coiicenrradonB of LBP ? as seen dining the acore-phase 
zeBponUb csa coinTjIstely block Bp op olysacdiHiidc ejects . 
m toxo and in a murine aep&ifl model. 7 Furtnennores 
patiems wto Ingh conccntrgtirmfi of soluble CD14 <wnxch 
ehows cndotrnQA-ccU interfiction and s bcddjng of 
from the ceH mcmhrfirie*) have etrjldngji^ mcreased 
concemrfldons of INRi, eoloblc TMF iecep«»l end 
Tcocptor-2^ endintracelhisr-adhesdan inolecule-l.* 

The degree of b&tve^wall aedeme cannot be directly 
measmed. Ibc r^Jfltion betweaa central toemodyxiiurucB 
nprf tfae pffdophysialogicaJ feeturea of chromic heart £dlure 
ifi weak.' Xn or ^ rna l znpdds there is a poor relation between 
intracardiac preaswes and TmrerinaT pezf^sioa, 10 We 
tberefore eepataced padents according xo tjic prcBencc or 
absence of a reliable marker of acute venous i rn ii Brfl tion, 
duo tn cardiac friture, pamely periphrral oedema. Bowel- 
wsJl oedema that could cause altered eui permeabiliiy and 
bacterial fa endotoxm) rranalocatian Is moet Elcely to 
Qccnx widi jnoderate to severe pcripbexal oedexne. 

Our main a!m in thia itudy weh to xaeaanK endotoxin and 
cytokine f ymt^ rrtrHtfpna in patiaits with, chmnlehe&ntairaze 
during an acute c*&cerbfldan with periphera] oedema and 
after BhorT-terra and long<erm tie at ro rn t with diuretics. 

Methods 

Participants 

Wp tcudicd prospectively M hcaihy vohwteera Oncan ege 55 
y^fiZB [SD 1Q) and 4Q patkfiS chronic heart £dlme ^nean 
aje 63 Teara [15] 3 ^=0*11)* We did rne bciseHae eendies beccween 
April Octobers 20 rrsblcpatieias wete ruzuiied during 
outpottatdmux on35pccj5cday2aiid 20 pa&cnts Vnlfejacidcmic 
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ttanyazat* totem 



f^c^iitl Ve2Sfc>e*tt*n # nYbdtft 



IS/ Ktoifl^erwtotttb (LPs} 



LBP 1 Gnfflrlrtttg L8P bfifitefc* IPfi 



CQtt 




(e\ fester b^9jU&4 




Ffcuie 1: CndortA^n hypooiaali of Immune fidjvaa&n In 
amjpstna heart feThna 

LFSr^pbpOfyBBCdBltfB. 

or swete oedema itpceicmcd dl dteampenK>ted patients mEayal 
S&ompajn HntpinO, London UK during the nme pmod, 
idealised on ancntocc td int dlaiE or adKrisainn to lb* ward. 
HeaMrj TOhaCftttt were hospral mrifgnd reJanro cfparientawho 
agreed 10 parfidjma Only on* healthy person d ccfofff 
partft frorion. «xctaded dni fimn tb»e v nh a nrectt flficd 
yypf^^vliMiggymtttd^ttBia^gicaDflSfeiaall Bruqp*. 
The cause* of linjcie hem failure WK is r h ann Tr in 27 jrafceois 
sod idiopathic dDaud esnJicwyopSfby in 13 patients. The 
di.fmnric rfnaic heart firihm ^83 based en ^mpnnna arkiag 
rfming erariae. cattfWncgflfr, «d da cum cared leavwenTrJetfar 
^^m. (bU psdcmi bad a It^vcxiiricuhz ejection fcscrian 
acamred by achDoadwfitapIV ndlcmiidide veorricnlogmpJiy 
of <40R). No pSrtfcai or vohaaMi had cEnicpl dgm of tafeman* 
jbcumfitaid snhriii?^ ox CsnCe?> 

fedenis were toned whn dtpiaicB fa*SS), angic ceft>m- 
Wflwrtinp^ffqr™ inhtoor (pp36) 4 digram fr-l^, aspirta 
^=17), amiodsronc Cn=16)> Bud nirrRtW 0a=I5) b various 
eoabmatioBS. We did ofespded MoW-up of ten crcdemntow 
panentE Who bved dots m ow twpatel CBv* New Yoifc Heart 
ArtOCfcctoc [NYE/a ctes IV, &w dafii HQ afm trearnjent widi 
perused do«es of dhwda increase of fcttsemidc Vp TO 
120 jng/dayi -with addiDOQ of TjcndniflwpafaiHnde 2-5 ing or 5-0 
jn ff once di^j maotow* 5 mg or JO mg once da^, or both). Of 
ieie paricoilBi dtfc* hid to be admitted far 3-8 days fitf 
ifiEQiTCxmus diurcoc t-rf *° f iT7**r Tr 

Aflte a medifln of J4 daji (angc 7-89) we xemdled ineee 
pfliKDlr Widlfc 1 week of complece msolotion of oedema (ate 
txtattKnx six NYHA ckES four cb» H; meaa we£^i7 Iobc 
3-6 J* [0-3, range 2-5-5*0D- Hvc pidetttt regained cMcal 



erabflj^ (one NYHA d«» HI, fonr dn» JD Bad weec zosnidied 
AfiflJn 14-32 weeks (fnsaa £1 tK&ks I7Jj «tfier the innifil 
iaVejrigscdan vlbax nnl been free of peripheral oedema fax 
more thaa J m'onths. Tlic irmflfrrfng five peticms did not onoia a 
stable stsn md dkd2-B monlitt After die ininal inTcsrigarion 

BHvm hp^u% ^oen recudied. Tlia rc t ca nii juotDCOl approved 
fay ifae cdmcj «BBiiD££ of the BotrJ Brompmn Hoqdral. end all 
cisd voluureeis gave Vroaiea infbtrned coneesL 

Stood. Asmples were collecmd flfter r&R ibr bx Igbbi 15 min. A 
po^yerhylene cyrneter irttcned uxm an HmeccbkAl vein tad 
6 znL of blood Wen diawn ixno eodoaxSa-ftfic nibcB (Hyirln Tube 
BT, Cbxomo&nif AB, Sweden).' 3D xnL nmplea were iisa tjdcea 
for Uoeocmjcol cytokmc meatUrtnepn. After fmmnffium 
wmrtfiipiiiafl^ blood nod p]ra&A csnplco wen stored AC — &0°C 
nodi QD2ljsi5. In iddicios, 5 mL blood WAS inlan ioio mbes 
CTjnraintny edeoc add for fluomeence-ecaratsd ccfl-eorring 

CoaosanHtioDS of endbtxizzii wen measured wllh t> 
cosnmcrdBlV Avaflflble Vl (timobis Aoaebocyie 3-ysarc QCt>1000 
ten "kii* HoWtunnter 2ne> WfiHaenviQe, 'U&A). The zaormBl 
oancE3»ratkvi af cad0T0X&^ in tins assay in biahby pe««pJe Is 
<0£0 EtJ^aiL. Tbc wrdnD-aBfisy caeSEdencs of mmdoB ar 
coiuzntzadons of 0-35 EUAcnL end EUZmL -were 9-9% and 
9*69^ belween-BSEBy coe£Setenrs of varifiddn were 16-6% Said. 
13-3%, retpeCtfaely. For icpeaad blood HHmplns in non- 
oedeoDftons paricntt rbe oeef&cienr of vararion was 10'8%. Tbe 
bwerHmit of toetrion was 0-Q3 BUAdX- 

ISP was measured by £USA- n Total was measnrad 

widx ad BLISA kit ( MrH grrr^, Fl«tfU3 5 Be^giunu fiBnari7i37 
3-0 pgftnL; kbi not influenced by sohmlc TUF recepgit), FT 75 ft , 
hist ( P^T^ Synncji Minncejjoli^ MK^» USAJ were nacd to 
measure Gnhabla TNF rcceptoivl and roceptor-4, end iiiteluul d n 
biloWellSmtoDf deteaiou of ike assays were 25 pgtol^ 3 pffWL, 
tnd 0*0094 ppfaL, re^eodseb/* Sohablo CD 14 was assessed by 
FT isa (XSZ^ Hambm& Genasny)- daamR procokinimi 
ennccatrfljim* were meuuted by an mimanolutsinomfflde assay 
Beds* GexmBn^." 

Xn & sabfroop of ten non>ofidemazouB and seven «ed£m&Bons 
panenKj aewellas in oil bwlday vDhmtcciSa whole-blood tfiTnplwt 
pewdnm edctic-aQd t>iHps (Vaoiluiuer SyEtems, 
Falcon BZ> t Oamrd, U3Q And soiiaed with flnoiwccndy l rihH l fd 
monoclonal annbod^ (Conlrec KlrnT.tni-g, Lnmnp TJtQ to 
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Table H CbatfiCterlsficG of pnfienti wtth chrwitc hoafffaJUire 
and vrttnout peripheral QBrfetna and iisatEhy volunteeis 
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0<54(36fl) 


044 r>3D| 




264(74) 


708(214 


10T7S2S) 


1445 




S456CSBJ) 


3574(4541 








4-8(5-5) 


Wp>7) 





o*ga) 



0-74pMS]*t 
12-1(6-0} 

MB 04) 

a>t{*NMi. 



Tabte 2; Mwm C5D) plsema concanttfttona of endtrtarfn and 
tafiararrmtoiy markers In hua&fayvotantama and petkarte vfth 
ehftntchefirt&ffluie 

toerato peripheral rympho^phewrtype luriifcc proportion of 
CD25 itccpaiP-pOpWvc T ccEs. A signing excess of airtbodjo 
oc&npieed by tiwdoa GdatB not shown), wnt placed into 12x75 
jam pejyprtpsfcnc mbtt WEb& Hamjtfkm*, U^. I\*o Tube* 
were mHfyltd fcz etch. pKWfl aampk. The first tt4>* cmitRincd 
emrwl tt^^"^ mouse flTrrihnrTUTi anriborfifl* jaampiasftr 
mwKl^ d id the teicrootiadies in Ac second tohe. The, unobody- 
fUtfOCbrome cafc&nes reed W»s CD4-FXTC* CD8- 

BCDj and CD25JtJEt)L Tie fcmnO&dd tyacd <whoJ&*Iood 
proiceol was »*ed m the ttfjhiQ-prep (Coulter Bknraniat 
L-amrt Lymphoma garing wu J££ on fimwd compartd 
qfth •dde-ecanrr den pbt, and cmnpeogntioa WW nr a htirih ed by 
thfi ccrmbtoiag of aaulfr«aour-rtmoed JettcOCJW population*. 
FtrtMdJoar flow eyuanory was done an die Otraltcr XJ>MCL 
wiih System HsrffcWBic (vcrsioa.2.0). 

Statistic*! snalyste 

Wc assessed nnr mffr y af diandbwan. wirib, Ac KolnwifaEaf*- 
Snnroov rest. Tfcpatoed Siudsnt , P i lest, paired i teit, ANOVA 
^idi J^ert pott-hoc test (W*h allowmcft fiw ™^ pl * TOlin * 1 * 
Ud The Mam-TOmney U tcit rac wed Whew Pppflapnate. Data 
ate pzcseaOuS as mean (SD). We ibo used mlmJ aro-oasrttedoji 
end xiiritiwnai»-coBelaTJ«i mdjw ertnb&h the relation 
between variable*. We p<P*05 P he Ricnffrflnr . 

Resnlta 

Xn tables 1 2, basdinc dimctl chflracccnajc? and 
lOThs of imnxuaru'ogicnl aitd bamoiBl ineflsuretents are 
afajwra. Endowxin conroittationi were highrt i in bsastr 
Mxntt procntB vfth peripheral oedema* compaied wifb. 
-tefiit-aDurc patiDiis w i tlio m oed e nn n (98%) and controls 
(59%, p*O-0027$ fignrc fi). Flasca concen^Htions of LBP 
did not cfiifer bdweca grcmp^ Imt there waa a raised 
UpopQ^ysacnbaridt/lcff ISP UTip in die JjcaxtH&flaEC 
patieMB wirh oedema compared with those without 
oedema (71%, pO-DJ). In ocdcmMOUS ac&it^feflurc 
patSent^ plBsmp concentratwnfi were tKemffimnt^ h«nBT 
fro C-reactivc prntiein, TKFos £aluble TNF reccptor-l and 
rtiayior-Z^ i nt^ ^^j and eolublc CD14 (tabic 2) Chan 
for gjj. other gcoiips. 

Among fill paxncipantB Ca=53k corKwcrntionfi of soluble 
CD14 oondaiBd aiapj&anny vrth endotoxin (r=0-3Q> 
p<D-Q5)» This coiFelHnan was not aJgnifcanEt \rfifin pflrfeflis 
or hepMiy volunteers wece analysed Bepfiiflidy. In all 
paiialiB WHh chronic beart feilurej salable CD 14 
conelflted vrith TNFfe (r=P'32, p<0-05) and soluble TOF 
reccpior-1 (r=045 A p<(H)l). Them waa a corrdation 
berwecn eolnble CDH and colubJe TNF recepmr-2 in 
with Gtable chronic heart fiuliixc Cr=0'<Sl> p<0-01). 



2Cn 
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IVT^S K&20 f?=^l 

R^Uib 2^ Ptamia antfrtnkfci cohoontratiDn In h oalthy VoiunteGzc 
and heaif^ailiiro patienb «Wi end vfihaut oedema 
SharthmbpittBl ths»dDJh cr^ 90lh pereontlley; tan£ hcrr&aiuC 
lbicff=25o\ 50th, and 75th pefDsnslss. 

2fo dmple cozrelatinna eadEsd between ciftafilrdiic or urea 
plflRTwn coneenxcanons and lypp otyaaci^h wri rt ai'baselme^ 
nox between changes in mai!£etB of tedney fbsctxoa oyex 
ixmc campBied m&i changes of JqiopoIyHH rurh irri rfe or 
cjtnlexne conceiitiaTiohfi over time (data not fihown). 
T^ereEorCs a boas becsuic of latent ahnerinfllitieB of Mdney 
hmcdon seen in some ©edematous parienis is unlikely. 

Ihosnaive dwreojc "^'"'^ fin* a mean of 2$ daya (83 in 
ten patients with rhra^" heart faiUcc resulted in a mrRn 
we ^ht decxeasc of 3-6 feg (rangr 2'5-5-0), find 
inxpxovement in the fancdonsl NVHA. da$e in nine of the 
tea patients. Xn eight of tbsse^ endotoxin pl&sxna 
cancentnmon was decreaBrd &om 0-96 EUTmL (0-47) to 
0*45 HU/mL (0-24). In two patients wfdi normal 
of endotmdzi at baseline? conccntxatJonB 
ate dinteric treatment Were 9% and 36% W^irrr than at 
hfifieHne^ hnt EtaUinthe nonnaJ reuse (<0*5 EUAnL). In all 
ten parienta the ItpopolyBacchazide canrenrrgdong £sU from 
0-84 EUftnL (0*490 t» 0-45 HU/mL (0 21, p=Q'049j 
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Tobic 3: Moan (SD) plasma conoa mr jtfenfl of ondototfn and 
InfbnunBhny markers in osdBmatoue pationts before and after 
dluTptietrpntnent 
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RgurB 3: Stai of hriBi^ftfl dlUT&flctiSBtinerrt on plasma 
endotoxin concentrattnitB tn ten krirftaats with chntffc heart 
ftfiureutio had p M j tflT Hl oadema 
&nrt hsftorttHl irtnrtMi and acth pwcamito*; long hcifeortil 
ItiPS^B!^ addi, and 7591 psrcantes; ff-dtflfltaa valuo outeftfc ion aid 
00th peroertlto*. 

fi^iw. 3). Tfc cflea of diwetjc treaiment on the eadofiwtm 
and inflanjoroMory maAns ate shown, in table 3. D uring 
extended follow-up, five pBticniE were rcittidied when firce 
of oedema for mare tbm 3 months afiet 21 weeks (D- 
Endotwuu caaceatjHtwnfi at die third viBir did sot difiet 
from xtosc at the second visft after a mean of 19 days (0-39 
[0-22] «w 0-49 EU/mL [0-06], p=0-45), but TNRx 
we. lower vs 31-0 pgtaL . 

Discussion 

We hfci* Si own tb^ endotoxin ccmcenn&iiona and 
proinflammfltDiy cytxAintfi Die raised in parieatB with heart 
feihuc who have peripheral oedema. Raised endoioro 
conocnrranaaB were nonxaliacd by l c a grtirnfid diuretic 
treatment. The ■ gmfa tmn'rr 1 ** In these patients was sat 
aseociRTfcd y/iih a sfrong enum-phasc response rhat would 
have led to an jnrac&Bed hfipanc LBP syalhcsiB and 
subsequent blocking of l^opolyimccharide effects. These 
xe&vte lend crcdance to the hypothesis that bacterial 
endfltoorio may be an Sznpartsm stimulus of immune 
flcrivadoga in paricnts wfrh chronic heart ftilure, This 
findx&E may openTarioua options for treatment of patients 
with chrome betel fetee that could he aliened against 
bacteria in the bowel, tfce tearidocatian process,, and 
endotnsem itself, the bin ding- sices of bacterid endotoxin on 
tit m n-mR compel cni celkj or both. 

The camplex of endotoxin end endotoiin-bindm£ 
protein activates nonocytea and uasuc macrophages <vja the 
CD14 and TotHike receptor prntcm^ p which pthnuUtes 
the production of TNRx and other cytjokfeje* (figure i). 
Previous snidies suggested thai mere wed eohihle CD34 
concentrations might be lelMod'tjo endoioxaeniis-' Wc 



carablished that u cd emfttons panemz have the highest 
of soluble CD 14. end Hpopotysaccliari.de, 
hue s homogeneous groups of patterns rime was no direct 
rp-TTTT^g Tplfrirr* berween the -two vBTjpbl ca. Shed, and 
therefore wohiWe, CD14 rrrrpters are thought to reflect 
me ernrjunT of eadowcrin/ceH mteracuon in the long 
xenn. By canttBsr^ endocom has 9 ^loit r^aaraa halWife 
(10-30 rnin)> which may esplnia why soluble CD 14 
conccniifltlons arc more closely related v> cytoldac than 
endotoxin concentrations. 4 

The craceotratiottG of ca do rr>irin , in our atudy were 
well below those seen in septic shock." Pari ems with 
chronic heart ftftrae had no signs of acore infection, 
arid the moderate increases in plasma endotoxin we in 
seeping with the hypotheeiG of a translo c at i on procc&B. 
PofisShlft it is xt&df rather than bacteria thai 

tranfilDCBCeB. lipopoly MCchfl ri d CP at bwirrltnft did not 
correlaTC Bxgnnicandy witfe rm^l ft\p |,J ' ftn (afi efirrmated by 
creatinine rod tnea) sldion^i doc findin g ounce 
campleiely fin influence of renal fi-mntinn cm 

AHhough intendfed diuretic Th erap y reBuhcd in 
rt fyrmg"K HBtifm o£ efidoiOKus cQnccntTHTinnR, nearcnetxE did 
not lead. Immediaidy to lowered cytoldne plasrnn 
concenl^srioti&j which b in keeping whh a previous study." 
Ths cnect may he due to a concejmoiion efcec^ re&nliirxg 
&om the loss of vp to 5 Tsg body water or km£-^am 
acriwdon of monocytes or rr tan,,o p^ ig ?T* afier brief 
expo&uxe to an endotODOn fftxmrilUG during a phase of 
clinical detErinrarxori whh increased venonfi cong^stiniii 
Alternawely, the lack of cytokine decrease ymmftdlmriy 
after tfrm+iii improvement may be due m a change in 
monocyte or macrophage Bpopolysaccharide Bcnsdrivity Qe A 
«WmHBfied n cndotntTn concemrstions z&a? ctill crose 
xnaeaBed cytddae pioducrion). Indeed^ ixtch en increased 
qrpii^T - fianfiirivity m lip opoJys acchoridi? b hus been 
<locnmemed in r?ti'iT t ? widi chronic heart feCurc vftiQ had 
Bcrac decaarpensadon. 1 ' The previausty documented raiRrd 
XMFflt coacantiations in cardi&c tissue of patienrB with 
endGtAge chronic heart fnfore may alao be due to 
cardiomjacytca or dssae monocytea releafiing increased 
amounia of cytokines upon EdaulsDOD. by 
tipopo^aochazides because of deccmpeneaticn or 
hypersensidTe cardiomyocytcs, Jn cardiomyocytes of heart 
i-ror>sp lBntgrfan lec^icnts (especially in posenis with 
iMfrBgmfc chronic hejut nblnrc) incceaaed baseline and 
lin cpolyBHcdiMide-sTmtilatr^l INFoc nrodncnon has been 
reported," In oox study, after & long phase of clinical 
stability* TNFot plasma concentrations showed a, strong 
txend to decrease hack to normal and> thereforcj the pcooesG 
of ntnmalkanon of cytokine secretion seems to be slow. 

Tolerance of monocytes or rmcropheges to endotoxin 
can be inrinrH in vivo and in vitro by endotoxin itself. 
Such on effect jrecjienfjy occurs after Bevexe injury. 11 One 
important mediBEor of lipopclyaaccharide& hyposensitivrty 
in jnterieuldri-10. 11 Compared with controls, we found 
mtcrlaikin-10 to be lower in stable patients with cbronic 
heart failure. 4 XacreaBed cardko-wal strew and general 
tissue hypoxia (both Via local free-iadical geneiHtinn and 
subsequent Btminhrdori of the nuclear nlcmr-K B pathway) 
and hormonal embolic and anabolic imbalance (especially 
in pflde&tB with muscle wasting**) msy lead to 
iminunolopca) hypersenritivliy. Endotoxin iriay a therefore* 
be an unportsnt enmnms for cytjolanc productios in the 
bent and in the periphery even in tfie abdense of oedema. 
Ia-vitro low coneenrrariDns of Irpopolyaaecharides have 
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dctrimemal efcects on cardioinygcyEes. These efjecre are 
Indirect through die refcaae of other BubftanceV 1 but 
direct effects also have been aeen. = In vivo there may be ft 
dynamic balance "between bean funcrian and immune 
e criterion in pao'ema whh chronic heart fa&uxej and over 
•pmfe psaasn yriib ircquent ©edcmHtont apfeodes may 
deteriorate because of tbc cardlodepresBant and metabolic 
of raised TNFot cdncemiRdaof. Hener 
control of n rfl ma in chronic heart faDiare may therefore, 
p£ beneficial. 

In stable arabnlatory paricms with chronic heart fiilurej 
s mgmficant fucfTB caacemmdoD of cytokines ftom the 
heart cnuli not be shown/ 9 *&ch BUggera that cardiac 
jrodijcdcai may not be the g\an? Battrce of the; rtified 
Tjeriphtral cytokine plasma cfiaccfmmcms. Ia support of 
the iflnponaiice. of peripheral bypatrii^ rricfiguxefi of 
increased ceddarive stress hove been fomidro correlate mth. 
$ahibhs TNF rceepiar-1 and xecepttr-2 con centr ate ons." 
We have shown that peak leg "blood flow arraisch&cnjia in 
c&ncflly stable patients v?hh chronic heart Saihire is 
inverted related to TNFr pjawna ccmcezraaaoss. This 
effect may be one to a relation between hypoxia aadlNFa 
proancdnn or toxic ^« of TNFa on cn dot ririfal 
■frmwWi- g Hypoxia may not be the most Smp omnnr 
cytokine trigger in chronic heart failure because of ihc 
cyintqne profla Raised intaffnt^dn-6 pJasmn 
caacerin£nOrifi can .be ettnbured no. peripheral hypoxic 
coatitinns," which wiH occur in chronic heart failure, but 
There ia no rep on ttat hypoxia leads 10 raised 
concentrarions of TNBci, nrpcalcttoruri, Of soluble TNF 
rcccptor-l or rec epror-S. Soluble CD 14 receptors arcs by 
mmrotfj characteristic of fndr rfn " Ti action, bet j*0t of 
hypoxir. dlsorder6.* r 

This study shows the presence of raised plasma 
cndoTrnriri amccncrfirjcna m pedarcB wim chronic heart 
feature end peripheral oedema. In the: presence of 
unchanged conceBtgatipnff of eadototrn b in d in g protein^ 
The raised endotoxin, concemxminn reflcas ft potentially 
pathonenic sinifltaan that leads to cytnlrir* induction, Wc 
show thai aoraafiaatian of endotoxin cnneentc^rjlanfi can 
be adbfcved by intensified diuretic treatment. Bacterial 
fn fl? t rai n may be an important, grimtihiB cf iinmifflfi 
actrratian in patients \*ith chrME p heart failure. Our 
studies are preliminary and jUiilier inveKticHiianfi are 
Kev4rmdcB5, theae finding? may open vtirione new 
options for .treatment dire coed against bacteria in the 
bowe^ the translocation proccflEj and esdotoxia itself the 
t^J^ng ahes of bacterial endotoxin on In h i m ur s competent 
Ctlh, or bath, 

Scftn Anteani Andrew Carts deretepai tbe co*)»pu h^ctfawU mid 
Srcta A^lrtr eoordluiBd dx <tudy. Jnacf Kkfcnna dkl afl dmiol 

w>.^Y>fe»VcJh md thtf fidmm nan nhded Ml Immunol a£> ml klUCS find 

fitefia AnfaB-matyxd itc dan end pflsMtd the mj«ma^pt%«MnhclwIp 

Etllb Poofe^Ltcm jnd Andrew Cmti. HsiM-Djrjn: Volk aod 
Pfyfi r^rHfntw ctSicd die msmnBTp^ 

Acto)a*tedgments ^ 
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tujganed by lbs BrtcLih Heart Rnmdorion. 
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j. Diaguosis of cbronic heart firfbue 

1.1 Inttvduction and methodology 

The aim of this report is to provide practical guide- 
lines for the diagnosis, assessment and treatment of 
heart Mure for win clinical practice and in ado> 
don for epidemiolo^cal surveys and for clm fral trials. 
The. iecommendan'ons in these guidelines should al- 
ways be considered in the light of local regulatory 
rEqn frmifcnt c for the administration of any chosen 
drug or device. Hiis -report is a comprehensive fiunv 
mary of the full report [ll The full report should be 
used when in doubt or when further information Is 
required 



til. Level of evidence 

Recommendations regarding treatments have been 
based on die degree of available evidence. 



Leveled 


AwJrfble evidence 


evidence 




A 


At ]B3ft two rfindoml3edliiaU fitippartzng 




rrrmnrnrnfti'tf^ 


B 


Que ?ftddofrilsad trial end /or mexa-aa ajysis 




cappCJftmg irrOTtlfflPlldfltTrm 


C 


O&PSePSPfl GEttftment from experts based on 




trials and dndca] ttpfiricDce 



* Meant ers; Of not GWed otherwise represeaiws vW3 on Heart 
FWunOi Jota CWand, HuU; AW* Hew, ptredu (General Prac- 
tice^ Attilio Qavazzi, Btrgaaw (WG Myocardial and Pericardial 
dkwfi«); Bcpiy Dargie, Glasesw. Hchnul Diericft Hannover; , Ffcr* 
ex Fdtoth. Zurich (European MewSon. of Internal Meffidne); 
A. Haveoch, Hannover CWO on Cardiovascular Smffiy), Una 
Jumna, t>en Haaff CWO on Cardiovascular Norstos); Jerczy Kr> 
rcttidi Warsaw, Michd Komsjte, Perii: C c cfl i n liflte, ST pr ft hnT r n 
CWO on Pacing Jess tope&Sandqn, Mudrid; lac Pierard, liege 
CWO on Bchncsrtioflraphy); Martin KiearbcP, Heldald; Sanmel 
Lery, ^arseEs (WG on ArrhyttuCja); Lttifi? T&vazzi, Pnviaj Favfos 
TwrtoiBM, Athens. _ „ 

• Comiapandin£ anthnr. Tel.: +4fr3l-34Mff7B; Itoc +4fr3l- 

25B-933. 

addresses: Jcmnie@BlicarcS.ors (WJ. temnc), 
jaTLiwetotrg@)iJLso4e OKI Swedbarg). 

431-1£MS5*177; te +SM(M85-4ffi3. 

13ftS-9ft42/O2/S20.00 © 2002 European Sodety of Cardiology. All ri^htfl reserved. 
PE: S13fi8-9B42(Ol)00231-6 



.£2. S)tffcJ«: versus dtostoEc heart failure 

Heart failure is usually associated with evidence of 
left ventricular (LV) systolic dysfunction, although 
diastolic impairment at rest is a common if not uni- 
versal accomp smTment. Diastolic heart failure is often 
presumed to be present when symptoms and signs of 
heart failure occur in die presence of a preserved LV 
systolic function. 

1 J P Diagnosis of chronic heart ftdkxte 



Heart failure is a syndrome -where the patients 
should have the following features; symptoms of 
heart failure, typically breathlcsfflaess or fatigue, 
either at rest or during exertion, or anJde swelling 
and objective evidence of cardiac dysfunction at 
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NORMAL K- 



CARPJAC DISFUNCTION 
CORRECTS? OR RESOLVE* 



Therapy CAN 
bewthftrawn 
vdihootnciirre&ee 
or$ynTpunn> 



Ttansteat 

Hon 

FaBii™ 






Asymptotratfe 








tyBflj action 



^yuoptoiBB 
nfievBd 



nwmpy CANNOT 

vftnoutrtcuirenoe 
ofsytfipfottt 




Symptoms 




Syv 


Eofe 






oydunctlw, 



Elg.L y^tift ncHp hgiBBeeH gmfinc dyefemeHan r heart faihirc and heart ftflura rendered tarmotMnatta 



rest A clinical response to treatment directed at 
heart failure alone is supportive but not sufficient 
for the diagnosis. Fig. 1 presents the relationship 
between different clinical manifestations of heart 
failure 

• Heart failure should never be the final diagnosis. 

The aetiology of heart failure and the presence of 
exacerbating factors or other diseases that may have 
an important influence on management should be 
considered carefully in all cases. 

1.4. Importance ofiderO$lngp<mitialfy rwembk 
exac&jbatwgfactons 

Symptoms of chronic heart failure, pulmonary 
oedema and shock may be caused by tachy- and 



bradyaxirrythrnias or myocardial iscfraenria even m 
patients -without major, permanent raTttiac dysfunc- 
tion. It is important to identify any reversible factors 
in order to treat heart failure optimally. 



1.5. Symptoms and sign& in Out diastasis afhemtfattuie 

m Fatigue, dyspnoea and peripheral oedema, are typ- 
ical symptoms and signs of heart faihrro, but not 
necessarily specific. Hie fJrnjnal suspicion of heart 
failure must be cemfirmed by more objective tests 
particularly aimed at assessing cardiac function. 
CRg.2) 

« There is a poor relationship between symptoms 
and the severity of cardiac dysfunction and 
between symptoms end prognosis, 



Suspected Heart Failure 
becauGB of symptoms and signs 



Assess presence oi cardiac aTsaaso by ECG.X-fcayor 
NaWuretto peptides (vtfhsro available ) 



abnormal 



Taste abnormal 



Aseees etiology , degree, precipitating 
factors and type of cardiac dysfunction 
7 i 



Normal 
Heart Failure 
unlikely 



Imaging by Echocardiography 
(Nudsar angiography or 
MHI where avaRabSe ) 




Normal 
Heart Failure 
unlikely 





Choose therapy 



Adtftional dlaanestle teste 

where appropriate 
<fcg. coronary angiography) 



Fig, 1 Algorithm for the dfeg&QSiS of heart failure. 
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Once a <fiagnoas of heart failure has beep es- 
tablished symptoms may be used to classify the sever- 
ity of heart failure, e.g. by NYHA class or into mild, 
moderate or severe and should be used to monitor 
the effects of therapy. 

1.6, Electrocardiogram 

• A norma BCG suggests that the diagnosis of 
chronic heart failure should be carefully reviewed. 

Electnxaidiographic changes in patients mth heart 
Mnxe are frequent. The negative predictive value of 
normal BCG- to esriude LV systolic dysfunction ex- 
ceeds 90% 

LZTte chest X-Tay 

• Chert X-ray should be part of the bridal diagnostic 
workup in heart failure- It is useful to detect 
cardiomegaly and pulmonary congestion; however, 
ft has only predictive value in the context of typi- 
cal signs and symptoms and an abnormal ECG-. 



1A Haepirtolo® and biochemistry 

» Routine diagnostic evaluation of patients with 
chronic heart failure includes: complete blood 
^ count (Hb, leukocytes, platelets), S-electrolyieE, 
S-crcatiiDne, S-glucose, ^-hepatic enzymes and 
urinalysis. In acute exacerbations affihide acute 
myocardial infarction by myocardial specific en- 
zyme analysis. 



19. Echocardio&aphy 

• Objective evidence of cardbc dysfunction at rest is 
necessary for the diagnosis of heart failure, 
Echocardiography is the preferred method. 

• Tbst most important parameter of ventricular func- 
tion is the LV ejection fraction for dis tin g uishin g 
patients with cardiac systolic dysfrmctton and those 
with presBrved systolic function. Echocardiography 
also provides rapid and sfimi-quanthatrve assessment 
of valvular function, cardiac riling characteristics 
through Doppler measurements, and is helpful in 
the etiology of heart failure, 

110. Additional ncn-inwsh* tests to be considered 

In patients where echocardiography at rest hasnot 
provided enough information and in severe or xefrafl- 



tory rftmm'B heart fafhrrc and coronary artery disease, 
for thra- non-iavasrve imaging may include: 

Stress echocardiography 
Nuclear cardiology 

Cardiac magnetic resonance imaging (CMR) 
1J2. Pulmonary Junction 

* Measurements of lung function are of little value 
in diagnosing chronic heart failure. However, they 
are userhl in excluding respiratory causes of 
breathlessness. 



LIZ Exercise testing 

m In Hmiftfll practice exercise testing is of limited 
value for the diagnosis of heart failure. However, 3 
normal maximal exercise test, in a patient not 
receiving treatment for heart failure, excludes 
heart failure as a diagnosis. Bsercise testing in 
chronic heart failure may be useful for prognostic 
stratulcatioiL 



Ll3i Invasive investigation 

» invasive investigation is generally not required to 
establish the presence of chronic heart "failure but 
may be important in elucidating the cause in indi- 
vidual patients (e.g. endomyocardial biopsy) or to 
obtain prognostic information. 

Coronary autography and h^mcKiynajnic moni- 
toring s h™M be considered in patients With acute ox 
acutely decompensated chronic heart failure and in 
the presence of severe heart failure (shock or acute 
pulmonary oedema) ant responding to initial treat- 
ment Routine hemodynamic monitoring should not 
he used to tailor therapy in chronic heart failure 

JJ4* Natriuretic peptides 

» Plasma concentrations of certain, natriuretic pep- 
tides can. be helpful in the diagnostic process, 
especially in untreated patients, 

These peptides may be most useful clinically as a 
Vulc out* test due to consistent and very high negative 
predictive values. 

1. 15. Other neuivendocrine. evaluations 

* Other tests of neuroendocrine activation are not 
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Assessments to "be performed rexninely to fwtnrilvih the presence and Ktely cause a£ bean IsDim 



Aasssmeiils 



The diagnosis of heart failure 



for 



support 



Opposes 



Appropriate ^yxnptOdU 
Appropriate signs 
Omfiss $y£fan£tfOa OS 

{win ing (fU BBliy ) 

echocaidiagtf&rjhy) 
Response of symptoms 

or slgoa to therapy 
BOG 

Chcsit X-ray 
FcS blood oaujit 

Btochemiitoy and ininafyra 

PJflE^Dfi ^ i nnw j it i H^lfffl of 

in nstxcHtciJ patients 
(wicre svailEDle) 



* + 



+ + + 



+ + + 



or cardioflLeg&ty 
+ (If derated) 



+ + + (lfHheeBt) 
+ Of absent) 



+++Cff absent) 
+ + + (If normal) 



+ ++ (ffDOCTjal) 



Suggests altemaiiVB or 
Additional dlagnasic 



Pulmonary disease 
Anaemia/Secondary 
polycythemia. 
Renal or hepatio 
diseaaa/diabetcs 



+ t of samcimporttDCe; + + +, of greaf pnpartaiice. 



recommended to diagnostic or prognostic pur- 
poses in individual patients, 



1.17. Requirements for the diagnosis of heart failure in 
clinical practice 



Holier dectroarrdwgrQphy [ambulatory £CG t long 
time ECG recording — LTER) 

• ConvcctiCttifil Halter monitoring is of do value in 
th$ diagnosis of chronic heart Mhrre, though it 
may detect and quantify the nature, frequency, 
and duration of atrial and ventricular arrhythmias 
which could be causing or exacerbating symptoms 
of heart fafflnra Ambulatory electrocardiographic 
monitoring should he restricted to pfltiffntfl with 
chronic heart failure and symptomatic ar- 
rhythmias. 



To satisfy the definition of heart failure, symptoms 
and/or signs of heart munie and objective evidence 
of cardiac dysfunction, preferably obtained by 
echocarHTograpfay, must both be present Conditions 
ttrnch. mimic or esicerbate the symptoms and signs of 
heart failure need to be excluded (Tabic 1). Fig. 2 
presents a diagnostic scheme to be performed rou- 
tinely in patients with suspected heart failure. Addi- 
tional tests (Table 2) should be performed ox re- 
evaluated in cases where diagnostic doubt persists ox 
clinical features suggest a reversible cause for heart 
fiaimre. 



Table 2 

Adifitional tests to ca cojukicrcd in rapport th& diagDOUS or to BUfigeat alternative dJ AgOOSftS 



Tests 



Tfccrfjnflnnift; of heart ftflurg 



Supports 



Opposed 



Suggests flttfiniatiTO or 
additional diagnosis 



Exercise Tbst 
•Pulmonary function teas 
Thyroid fiwcSon tests 
Invasive investigation 

and angiography 
Cardiac output 

Left atrial pressure 



+ Gf impaired) 



+ (ff depressed 
»re&0 

+++ Cfejevated 
at rat) 



+ + (ff normal) 



+ + + Of normal; especially 
during exercise) 

+ Of normal; in 
absence of therapy) 



Pulmonary disease 
TTiyrdd dfaaajo 

Coronary artery 
disease. Icehamia 



+, of some imponajiea; + + ■<■, of great importance. 
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2 AscwtHb ptewnftifetttrt*: jmlmcntuy oafcaa, rational bnaftlewj)^ fiftgl*, pmphHtii oefi«M 

3 Assess scriri^ of symptoms 

4 Dcrtxmfoc astinkify of bean feflurt 

5 Identic predpjiating and exacerbating iariois 

6 Identify co&cinkiiijt di»«a« jrelrant to npart fetae and fa management 

7 SitixsAtB pro^noBB 

8 Ajjtiripiita complications 

9 Cocnsel patiwt and zcUatfves 

10 Cboasft appropriate xninHgemaat 

U Mooitor prOgrtW and nmnEge fljeconfinfity 



Table 3 provides a management outline which con- 
nects the diagnosis part of the guidelines with the 
treatment section. 



2. Treatment of heart failure 

Xhe tii'mc of treatment in heart failure axe; 

L Prevention — a primary objective: 

a Prevention and/ar controlling of diseases 
leading to cardiac dysfunction and heart fail- 
ure, 

o Prevention of progression to heart failure 
once cardiac dysfunction is established 

2, Maintenance or improvement in quality of life. 

3, Improved survival 

2.1. Management of chronic heart failure 

The therapeutic approach in chronic heart failure 
due to cardiac systolic dysfunction consists of general 
advice and other non-phannacolo^cal measures, 
pfcannacological therapy, mechanical devices and 
surgery. 

General advice and measure* Crable 4) 
Level C for aE advice and measures unless stated 
otherwise 

Rsst, exercise and exercise training (Table 4) 
Level C for all n^mmendatfons unless stated oth- 
erwise 

Z3. FJwrmacofogzcal tiiernpy: (mgtotenstnrconuertiMg 
enzyme Inhibitors 

* AGE inhibitors are recommended as fet-line 
therapy hi patients with a ieduced LV systolic 
function expressed as a subnormal ejection frac- 



tion, Le. < 40-45 (level A). Asymptomatic patients 
with IV systolic dysfunction benefit from long- 
term AGE inhibition Qevel A). AH patients with 
symptomatic heart feilnre due to systolic LV dys- 
function should rccewe an ACE inhibitor (Level 
A). In the absence of fluid retention, ACE inhibi- 
tors should be given first In patients with fluid 
retention together with drurerics (kvcl B). 
» AQB inhibitors should be up titrated to the dosages 
shown to be effective in the large, controlled trials 
in heart failure Qevel A), and not titrated based on 
symptomatic improvement alone Qevel Q — see 
&11 text fox dosages. 

Important adverse effects associated with ACE in- 
hibitors axe hypotension, syncope, renal insufficiency, 
hypexlcalaemia and angioedema. 

Changes in systolic and diastolic blood pressure find 
increases in serum creatinine are usually small in 
normotensxve patients. 

InMatingACE inhibitor therapy (Table 5) 

2.4. Diuretics 

2.4.1. Loop diuretics, thiazides and metofczwie 

• Diuretics are essentia] for symptomatic treatment 
When fluid overload is present and manifest as 
pulmonary congestion or peripheral oedema Qevel 
A)» although there are no controlled, randomised 
trials that have assessed the effect on survival of 
these agents. The use of diuretics remits jn rapid 
impr ovement of dyspnoea and increased exercise 
tolerance (level B), 

• Diuretics should always be adnnnistaried in combi- 
nation with ACS inhibitors if possible flevel 0> 

Detailed recommendations and major side ftffects 
jure outlined in Table 6. 

2.5. PotcssturnrspsTing diuretics 

• Potassium-sparing diuretics should only be pie- 
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table A 

General afivi« and jneanutt 



•Explain what heart failure Is epd wlgrfiymptflffli occur 

•Causes of heart failure 

•Howto roco gpftra symptoms 

•"What to do If qymptonis aecar 

■Sdfrwdghlng 

•Rationale of trestrocsts 

■Iznpoitznce of adberiog to pfannoacalogical tad DOn-phacarco^oglca] ptwrijrtioiB 

•Refrain f r o m Onakifig we of nicotine xcfilaoemeat thftEapCec 

•Prognosis 

•Bfrtectt 

•1D05C tl0t^ tlf *M llIT 1 * M fiflfl l Tfyffl 

•Sdeeffbc* awl adv^e affects 

•Signs of f&CflKftatiOD 

•What to do in ease of capped dues 

Rat and exercise 

•Rest — not eacoursged is staWe conrUticms 
•Work 

•I>aify plrytical fiad leisure activitiw 171 stable pabenlS to prevent muSclc decnnditianrzig 
•Sexual activity 

■Hfihablltetioa — exercise training progj»3imCB In ECebJfl NYHAH/m — 
see fiill text for details 

Voecfeatfeas •advice on immunisations 

Travel «advice on passible problems wjih laps flighli and severe heart failure, high alrimdes, 

hot humid climates and dJurc tic/ vasodilator uae 

iJietayandsoctttlhoiitt •Control sadimn Intstoe when riDccEEiy, eg. some patients T*itii severe heart failure 

•Avoid excessive fluids In severe HP 
•Avoid excessive alcohol toOte 



scribed if persisting hypokalemia despite ACE spironolactone (level O. 

inhibition or, in severe h&art failure despite the • Potassium Eupple-msnts sre- less efiectfte in this 
combination ACB inhibition and low-dose eiruation Uwel B) (Table 6). 

Table 5 

The rccomiflcjirled procedure for ft&rtmg an ACE rnhihrtnr 



1 • Rerlcw rbe need fbf and 6o» Of diuretics Hid vasQdU&toiE 

2 Avoid execssivt dhnesis before tre&tx&e&L Reduce or yatbhold diuretics, if bci&£ used; lor 24 h. 

3 It mty be adorable tn start treatriitflt in the evening, when snpine, to minmma the potential negative effeat on blood pressure^ 
although there are TO data in heart failure to support this (evidence CO. When inrrifltcd in the morning, jmpervteicm for 
ecvcibI home tfitii Wood proane eamrol.is advisable.' 

4 Start with & low dose and bojld up to recommended mfiirrtenaiio& dospges sllOTa to be effective in large trials (see full (eft) 

5 K icnal fonctinn deteriorates suJbstojtieily, atop treatment 

6 Avoid potB&aam^paizng diuretics (taxing iniciatipn of therapy. 

7 Avoid nojHtcraidal antHitfattmatorv drop (N5AID4), 

8 Check blood pressure! rend function ood electrojytes 1-2 weeks after each dose inuciu Cnf, at 3 month* arid subsequently at 
^nwmlhly intwv^s, 

1 Ooute of Jiear t failure tinjaLCtttt ' 

2 Systolic blood pressure <lO0mmHg 

3 Scruro cwanninR > LSD junol/l 

4 SeruiD zodium < 135 isrool/l 

5 Severe heart MarB 

6 Valve disease as priOTBiycBiise 
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1? 



Table fi 



Jnfl'mJ diuretic xre&EWfif 



Jnjiiffic/eo' response 



Loup dhnrtics o r ttnandes. AJroys adminiacxed in fl d d ida» ta ACB k&ibxtnr 

If QFR < 30 ml /coin do not vtt tbiaridfiS* 

enxpt as tb«^ prescribed synergist* »Uy with ]oop diuretics. 



Increase close of tfiuAUc 
Qinibmfc Joop dimaics sod ririaades 

VWthpenrifierl fend rtUntfon: adratolslRr loop diuretjej twice daily 

!□ pane chronic htart Mora add metotaone 

\7hb frrrpiiTftf meisnremeiit of crcutinice fiod electrolytes 

Start l-weeli Jaw-dcse ftdnumstrcuaa, efrcd: senua potassium and crealiniofc 
after 5—7 days spd titrate *cccnriingly. 

Uedicck every 5-7 days untD potassium value* aic stable 



gtcnnfifnlar filtration rett; CUP, diroroc heart ftflare; ACE, angiotensin convortine-co^mc. 



2.dL Beta'adrenoceptor antagonists 

t Beta-blocking agents are recommended for the 
treatment of all patients vtttk stable, mild, moder- 
ate and severe heart Mure and reduced LV ejec- 
tion fraction, in NYHA class E-IV, on standard 
treatment, Including diuretics and ACB inhibitors, 
unless there is a contraindication (level AX 

• In patients with LV systolic disfunction, with or 
without symptrirnaric heart failure, Mowing an 
acute myocardial infarction long term beta-blocfc- 
ade is recDrnmerided in addition, to ACE mMbitlon 
to reduce mortality Qevel B). 

IniStetion af therapy — see Table 7 
2J. Aldosterone receptor antagonists — spuvrwlaetcme 

» Aldosterone antagonism is recommended in ad- 
vanced heart Mure (NYHA HMVX m addition 
to ACE inlubition and diuretics to improve sur- 
vival and morbidity (level B). Admmistration and 
dosing are shown in Table & 



Z8. Angiotensin II receptor antagonists (ARBs) 

* ARBs could be considered in patients who do not 
tolerate ACB inhibitors fox symptomatic treat- 
ment Qevel 0. 

• However, it is unclear whether AJRBs are as effec- 
tive as AGE inhibitors for mortality reduction 
{level B>. 

» In combination with ACE inhibition, ARBs may 
improve heart failure symptoms and reduce hospi- 
talisations for worsening heart failure Qevel B). . 



Whether concomitant beta-blockade negatively af- 
fects the affect of ABB needs further evaluation 

i&X Safety and tolerabtirty 

Side effects, notably cough are significantly less 
than with AC&dnhibitors, 

£9. Cardiac glycosides 

m Cardiac glycosides are indicated in atrial fibrilla- 
tion and any degree of symptomatic heart failure, 
whether or not LV dysfunction is the cause, in 
order to slow ventricular rate, thereby improving 
-vermicular function and symptoms (levd B). A 
combination of digaxin and beta-blockade appears 
superior than either agent alone Qevel G), 

■ In sinus rhythm, digoron is recommended to in> 
prove the jflmjrai status of patients with persisting 
heart failure symptoms due to left ventricular sys- 
tolic disfunction despite ACS inhibitor and di- 
uretic Treatment Qevel BX 

Contraindications; bradycardia, second- and tbirdV 
degrcc AV-block, sick sinus syndrome, carotid sinus 
syndrome, hypol^emia and hypercalcemia, 

20.1. Digaxm 

The usual daily dose of oral diEnyni is 0.25-0.375 
mg if serum creatinine is in the normal range (in the 
elderly 0.6125-0.125 mg, occasionally 0.25 mgj. No 
loading dose is needed when treating chronic condi- 
tions. The treatment can be initiated with 025 mg bid. 
for 2 days. 

2.1Q. Vasodilator agents in cfavnic heart failure 

• There ig no specific role for vasodilators in the 
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The vxvmnzndtd procedure for etertng t bcta-blockEr 



Patient* should be on a baokgrouad therapy with ACE inhibition, if not congalnfflCB tt trt 
TTfep*den*ahmddbeinafehli^stabIaOT 
ni&fked fluid rctrnrinn 

Starts a Very Jowdceeawftu^ may be doubled 

every 1-2 weeks if the preceding dos&iyss vep toterttled, MOSI paths ts can be menaced is OUl-pitieras. 

Trtnthn t wcrttrdngfizlhaa, hypotension or bnttiycaxfattwypecur during the tiirttion period critosKifar 

- VftmlV tf the patient far evMenoet nf heart fnflura symptoms, fluid TttcatkOL, hypotenpon and bradycardia 

- if woaenrog of symptom*, first iocre^o lire dose of diuretics or AG^mhitritDr; tempoiRrNy reduce the dose of hetotolgcksta if nec&asny 
- 1£ hypotenftan. fint, reduce the dose of vasodilators; reduce tfie does of the bsBrbbetor ftpececs&ry 

- Reduce or discontinue dings tiiatinHylirwcrlicftrtrttein presence of bradyrarcuH; reduce dose of beta-blockers If necessary, 
but disccntiirae only If dearly »ecessary» 

- Always consider -flic rcinTfoductiott and/or vpp~ttH|inn of the bctn-bloclcer *vban tec parent becomes atable 

If Inotropic support is needed to treat a decompensated pntient on beta-btadfaine, 
pbospnodiestSR&e- inhibitoxs should be preferred brrgitye their hacmo dynamic effects 
Hie not antagmmcd by beta-blocker; agents. 

IfceJbtow^ponwitej&T^ 

- Severe heart failure das IH/TV 

- Untaiown etiology 

* Relative fftntn1if rff/,wtV¥n,r tnadyctndia, low blood jtobtcub 

- Intolerance to low doge beta-blockade 

- Prcrious use of bctapblocjcer and dkcmrtiniifltinri because of symptoms 

- Suspected asthma or bzracblal cK^asc 

Co}nrmn£aztiorato bO&btodc&s in patents with lutort failure 

- Asthma Uui i ifthl a le 

- SOTcr© toncfcial disease 

- Symptomatic "bradycardia or hypotension 



treatment of heart failure (level A), aTttirnigh they 
mzy be used &e adjunctive therapy for angina ox 
ccmcomitaat hypertension (level C), 

• In case of intolerance for ACB inhibitors ARBs 
axe preferred to the combination hydraiazine- 
nitratcs (Iflval A). 

« In genczal, calcium antagonists ace not recom- 
mended for thfl treatment of heart failure due to 
systolic dysfunction, 

. 222. Positive inotropic therapy 

* Inotropic agents are oommonly used to limit se- 
vere episodes of heart failure or as a bridge to 
heart transplantation in end^tage heart Mute 



(level Q. However, treatment-related complica- 
tions may occur and their effect on prognosis is 
not well recognised 

* Repeated ox prolonged treatment with oral in- 
otropic agents increases mortality (level A), 

• Currently, inanflicieiiC data arc available to recom- 
mend dopaminergic agents for heart failure treat- 
ment 



Z1Z Arti-thrombatic agents 



m There is little evidence to show that antithrombo- 
tic therapy modifies the risk of death, or vascular 
events in patients with heart failure other than in 



Table 8 

Adjninistnrtkin and dosing considerations with spironolactone 



1 C0BBlderw])cther a patient is hi severe beart &Uure (NX&A.m-rV) despite ACE tahihjb'ro/diwiaca 

2 OieckseiinnpntRSEnim(<5j0iiiinDy^ 

3 Add 25 mg spironolactone daily 

4 Chtck senmj potetthiTD and creatinine alter 4-6 days 

5 * If at any time serum potaBshim > 5-5.5 < ramoJ/J, reduce dose by 50%. Slop If fiennn pgtassfum > 5L5mmoI/L 
d If after 1 month symptoms progress and norniokajajnla exfeu, tncreafc to 50 mg daily. Check eerum potassium/ 

creatinine after X wcefc. 
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the Betting of atrial fibrillation when anti-coagula- 
tion is Smily indicated (level O. 



Z13. Antiarrhythmics 

* In general there is no indication for the use of 
and-^irhytbmiD agents in heart failure Qevel O, 



2i5.Z C&zm / ari^arrhythmics 
dm I ana-an^y ttrcru cg should be avoided (level 

a 

Beta-blockers reduce sodden death in newt failure 
QevelA), 

They may be indicated in the management of sus- 
tained or non-sustained ventricular tachy-arxbythntiflB, 
either alone 01 in combination with amiodarone or ^ 
nan-phanDafioL05ical therapy (level O- 

Class UL aMnmtyihiiks 
Anaodaxone is effective against most supraventricu- 
lar and vernacular arrhytbimflfi Qevel B), But routine- 
administration of amiodarone in patients with heart 
failure is not justified Qevel B). 

Zl4.Deuices and surgery: noasajIczris^hnprocedursSt 
mitral valva surety, cardiomyoplasty and partial left 
verttrieuJatorny' 

• Surgical treatment should be directed towards the 
xmdedying etiology and mechanisms. In addition 
to revascularisation, it is important to approach 
patients with significant valvular disease, e.g. aor- 
tic stenosis, before they develop F i grrifi ca r i f LV 
dysfunction. 



2.14.1, Rmascularkation 

There me no controlled data to support me use of 
revascularisation procedures for the relief of heart 
feflure symptoms, but in individual patients with heart 
Mure of iscbaemic origin revascularisation may lead 
to symptomatic improvement Qevel O. 

Mia-al valve surgery 

Mitral valve surgery in patients with severe left 
ventricular dysfunction and severe mitral valve insuf- 
ficiency may lead to symptomatic improvement in 
selected ieart failure patients Qevel Q» 

Cardiomyoplasly and partial left ventrieutotomy 
(Batista procedure) cannot be recommended for the 
treatment of heart failure Qevel Q. 



215. Pacawxken 

m pacemakers have no established role in file treat- 
ment of heart failure except for conventional 
bradycardia mdicstiorL 

• Resynchronisatjon therapy using bi-ventriculaj 
pacing may improve symptoms and sub-maximal 
eacBxciae capacity Qevel B), but its effect on mortal- 
ity and morbidity is as yet unknown. 



2I& Arrhythmia devices and surgery 

ZI6J. Implacable cardioverter defibrillators (TCD) 

• There is as yet no specifically defined role for ICD 
in chronic heart failure Qevel Q as available data 
from controlled trials have not specifically ad- 
dressed its effect in heart failure patients 

7 1 7, Heart tmnsplantatiOTt, ventricular assist devices and 
artificial heart 

X17.1. rharttrarisplmitattori 

• H&art transplantation is an accepted mode of 
treatment for end stage heart failure. Although 
controlled t rifO? have never been conducted, it is 
considered to significantly increase survival, exer- 
cise capacity, return to ^wqrt and quality of life 
compared to conventional treatment, provided 
proper selection criteria are applied Qevel Q, 



2J73* Ventricular assist devices and artificial heart 

Current indications for ventricular assist devices 
and artificial heart include bridging to transplanta- 
tion, transient myocarditis and in some permanent 
hemodynamic support Qevel ©♦ 

Z18, Chttice avi timing of pharmacological therapy of 
hewi failure due to systolic LV disfunction 

* Before initiating therapy, the correct diagnosis 
needs to be established and considerations should 
be. given to the Management Outline presented in 
Tsiile 3 feee also Table 9). 



2J9. Asymptomatic systolic LV dysfunction 
Treatment vith an ACE inhibitor is recommended 
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T&bb9 

Chronfc heart frffwc -choice of pbannamlogicd therapy 



LVsyraKc 


ACS 


Draretlc 


Bcta-biocber 


Aldosterone 


Cardiac gfycoeJdes 


djfsftmjctbn 


inblbitDtr 






antagonist* 


Asymptomatic 


Indicated 


NdtiwEcated 


Foal MI 


Not indicated 


With atrial fibrillation 


ctysfoxjctioxi 














Indicated 


Indicated Jf fluid 




Not indicated 


(a) Whon flizlal flbzillfirJani 


(XVHAH) 




rtlfintim 






(b) wbc& improved from more 
cewsrfi HPia daufi rhythm 


Worsening UF 




Tn J| c^t tcd f BfflflflhfH^tfoiw 


Imficgftetf 


IpflicHtFrl 


Indicated 






of diuretics 


(ugdor spccCalisr cans) 








Indicated 




Indicated 


Mewed 


• Indicated 


CNYHAIV) 




Cf diuretics 


(under specialist care) 







HF, iagrt jmhire; IV, left Tenlricuhr; ha% myocardial infarction. 

in patients with reduced systolic function as indicated 
by a substantial reduction in left ventricular qccfon 
fraction. In patients with asymptomatic left ventricu- 
lar dysfunction following cm scute myocardial infarc- 
tion, add a b&ta-blockcx. 

Z20. Symptomatic systolic LV dysfitnedonrheart fiaktrs 
NYHA class II 

Without signs of fluid retention: ACE inhibitor — 
titrate to the recommended target doses. Add a beta- 
blocker and titrate to target dosages (see full text for 
target dosages of ACE inhibitors and beta-blockers). 
If patients remain symptomatic (Fig. 3): 

* Consider alternative diagnosis. 



• When ischasmia is suspected, consider nitrates ox 
revascnlarisatioa before adding a diuretic. 

• Add a diuretic 

With signs of fluid retention — diuretics m combi- 
nation with an ACE inhibitor and a beta-blocker; 
first, the ACE inhibitor and diuretic should be co-ad- 
ministered. When symptomatic improvement occurs, 
i.e. fluid -retention disappears, try to reduce the dose 
of diuretic, but the optimal dose of due ACE frirnhfair 
should be maintained. To avoid hyperkaluemia, any 
potassium-sparing diuretic should he omitted from 
the diuretic regimen before introducing an ACE in- 
hibitor. Pq tassium-sparing diuretics may be added if 
hyptoJcalaemia persists. Add a beta-blacker and titrate 
to target dosages. Patients in sinus rhythm recerang 





For symptoms 


ForSurvtvHUMoitfdl^r 


For Symptoms [FlntolBTHnca 
to ACE Ihhlbttfatt or fista- 
blockade 


NYHA 
I 


reduce /rtop diuretic 


coatbrot ACE inhihitnr if 
BsyniplQmarlcyv 




NYHA. 

n 


— tf — 

+/- diuretic 
depending cm fluid 


If 

ACE inhibitor ati GnfAlAt 
treatment 

addbetarblpdkfirif CtHI 


ARB if ACK inhibitor 
intolerant 

orAeBwtiibitor+ARB IT 
bcterblacker intolerant 


m 


+ dh&otioft + digitalis 

if still symptomatic 

-♦■nltratw/liydrelazraa 

iftnfcrated 


symptomatic ^ 

ACE inhibitor and beta-hlodcade 
add spinmolscti>nc t 


ARB if ACE inhibitor 
intolerant 

or ACE InUbiior +ARB if 
beta-blocker intolerant 


NYHA 

rv 


diuretics -rdigitalig 
+ jufxatasyhydralazTUC 
ifiolerfiied 
+ temporary 
inotropic support 


— $ 

ACS inhibitor 
baa-blockade 
spironolactone 


ARB if ACE inhfoiiw 

or ACE inhibitor +A&B if 
teta-btoctar intolerant 









Ftg. 3. Fhannacokgical therapy of symptomatic dironlc heart failure dua to <ysto)fc left ventricular ifycrimcrlon. 
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cardiac glycosides, who have improved from severe. 10 
tnad heart failure, should continue cardiac glycoside 
therapy. In case of mtolerance to ACB inhibition 01 
beta-blockade, consider addition of an ARB to the 
remaining drug. Avoid adding an ARB to the combi- 
nation ACE inhibitor and a beta-blocker. 

222. Worsening heart failure 

For most frequent causes of worsening heart failure 
see full tfflcL Patients In NYHA class HI -who have 
improved from KYHA class IV during the preceding 
G months or are currently NYHA class IV should 
receive low-dose sprfonolaclone (123-50 mg dairy, 
Table 8). Cardiac glycosides are often added. Loop 
diuretics can be increased in dose. Combinations of 
diuretics (a loop ffiuretie with a thiazide) are often 
beipfol (Kg- 3). Consider cardiac; transplantation 

Etd s^sr heart failure, (patients who persist in 
tfYHA IV despite optimal treatment and proper diagnosis 

Patients should he (ie)coiisidered for heart trans- 
plantation. Consider palliative treatment in te rminal 
panents, e>& opiates for the relief of symptoms (Fig. 
3). 

223. Management of heart failure due to diastolic 
dysfunction 

Ibere is little evidence from clinical trials or obser- 
vational studies as to how to treat diastolic disfunc- 
tion, and there is uncertainty about the prevalence of 
diastolic dysfunction in patients with heart failure 
symptoms and a normal systolic function in the com- 
munity. 

Z24. Pharmacotherapy of diastolic Tseart failure 

jecoanjiEiidatioris provided below are largely 
speculative, as limited data earist is patients with pre- 
served LV systolic function or diastolic dysfunction 
(level Q, patients being excluded from nearly all large 
controlled trials in heart faihne. 

L Beta-btockade to lower heart rate and increase 
the diastolic period. 

2, VBrapamil-typa calcium antagonists may be used 
for the same reason Verapamil may lead to a 
functional improvement in patients with bypcr- 
trophic cartfomyopathy. 

3. ACB inhibitors may improve relaxation and car- 
diac distensibility directly, may have a Iang^erm 
effect through regression of hypertrophy and re- 
duce hypertension. • 



nml Qf Heart Ftilw* 4 &002) 12-72 21 

4 Diuretics may be necessary when episodes with 
fluid overload are present, but should be used 
cautiously so as not to lower preload CKcessivery 
and thereby reduce stroke volume and cardiac 
output 



221 Heart faitum treatment in r/ie cld&iy 

The therapeutic approach to systolic dysfunction in 
the elderly should be principally identical to that in 
younger heart failure patients with respect to the 
choice of drug treatment 

2 2d Anhyllvnias 

• In the approach to ariliythirriH it is essential to 
recognise and correct precipitating factors, im- 
prove cardiac function and reduce neuro-endo- 
cxine actzvaricm with beta-blockade, ACE inhibi- 
tion and poEsibly aldosterone receptor antagonists 
(level Q. 



Z26.L Ventricular arrliythmias 

m la patients with ventricular arrhythmias, the use of 
antiarrhythmic agents is only justified in patients 
with severe, symptomatic, sustained ventricular 
tachycardias and amiodaranB should be the pre- 

* f erred agent (level B). 



2.26.Z Atrial fibrillation 

» For persistent (oon self-terminating) atrial fibril- 
lation, electrical cardioversion should always be 
considered, although its success rate may depend 
on the duration of atrial fibrillation and left atrial 
size. 

There is no evidence in patients with persistent 
atrial fibrillation and heart failure suggesting that 
restoring and mamtaining sinus rhythm is superior to 
control of heart rate. 

In permanent (cardioversion not attempted or 
Med) atrial fibrillation, rate control is mandatory. 

In asymptomatic patients, beta-blockade> digitalis 
glycosides ox the coinbhiarioa may be considered, in 
symptomatic patients digitalis glycosides are the first 
choice Gevel O- If digfiVTn or warfarin is n&cd in 
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combination Vfjth sinicd atone, their dosages may need 
to be adapted 

Z27. Symptomatic systolic kft ventricular dysfunction 
and concomitant angina or hypertension 

. Specific recommendations in addition to general 
treatment for heart Mm* due to systotic left ventric- 
ular dysfunction. 
If angina is present 

1. Optimise existing therapy, e.g, bete-blodcade, 

2. Consider coronary r^vascalarisatlCEiL 

3. Add long-acting TiTtratfcfi. 

4 K not successful: add fiecond generation dihy- 
dropyridine derivatives. 

If hypertension is present 

L Optmrise dose ACE inhibitors, beta-blocking 
agents and diuretics, 

2. Add spironolactone or ARBs if not present al- 
ready, 

3. If not successful! try second generation dfry- 
dropyridine derivatives. 



mdofBtnnFtdlm4 (2002} J 1-22 

2.28. Cars andfoUov\'*q> 

Comprehensive nc^pharmacological intervention 
programmes are helpful in improving quality of life, 
reducing readioission and decreasing cost (level of 
evidence B). 

However, it is unclear what the best content of 
organisation of these programs is. Different models 
(e-g. heart failure outpatient clinic, heart failure rnnse 
specialist, ronummhy nurse specialist, patient tele- 
m nnr t orin g) may be appropriate depending on the 
stage of the disease* patient population and waffarmT 
resources Qevel of evidence C). 

Although basic agreement can be achieved on the 
content of care needed by patients with heart failure, 
the organisation of the care should be closely adapted 
to the needs of the patient group and the resources of 
the organisation 
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1. IjliTOdDCtioll 

Congestive heart fiilTO (CHF) is a major cause of 
morbidity end i&artality worldwida During the Ifist 2 
decades clinical trials have shown that use of au- 
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giotensm^uvertiig enzyme (ACE) inhibitors [1-3], 
and mare recwtfly ^lockars [4 4 5] reduce moif&lity 
and morbidity m CHF. 

Diuretics are regarded as the first-line txeafment for 
pstknts with CHF since they provide symptomatic 
xelief [6-6]. Despite widespread clinical acceptance 
cf the use of diuretics, there is racertahity about their 
precise therapeutic efficacy because there are no large 
trials comparable to those of ACE inhibitors [1-3] 
and p-bloekers [4,5]. Diuretics reduce pulmonary 
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congestion in patients with heart failure, but their 
effects on disease progression and survival remain 
unclear [9,10]. We conducted a meta-analysis to 
summarise the current evidence far conventional 
diuretic therapy in patients with heart failure based on 
data from published randomised controlled trials to 
deteonine whether there m any effects on clinical 
o ut co me s* 



2. Methods 

Randomised trials of loop oar thiazide diuretic 
therapy in patients with CHF were jrlfitTtffied by 
performing a Medline and Embase search referenced 
between 1966 end 1999. The search was carried out 
using the following keywords: heart failure^ conges- 
tive heart failure; cardiac failure; diuretics; treatment; 
trials; randomised controlled trials; controlled trials; 
observational studies and reviews. Hand searching of 
pertinent journals was carried out and reference lists 
of papers were inspected. The search focused on 
randomised and controlled trials and review papers 
published between 1938 and 1999. Book chapters and 
editorials were also scanned* Uncontrolled and non- 
randornised studies were not included* Two reviewers 
assessed die methodological quality of each paper. 
Only randomised and controlled trials were inducted 
in the review. Qirical trials were classified according 
■ to whether an inactive or active agent was used in the 
control group. 

21. Stucfy design 

Metaanalysis of randomised controlled trials of 
diuretic therapy in patients with CHF* 

2.2. Main outcome measures 

The primary intention was to obtain data on 
mortality and morbidity from each published random- 
ised controlled trial of any diuretic agent in patients 
with heart failure. As this information was lacking in 
many trials, five other possible outcomes were evalu- 
ated where mfbrrnation was available: (1) effect of 
diuretic withdrawal on worsening of heart failure; (2) 
effect of diuretics on exercise capacity; (3) effect of 
diuretics on symptoms and quality of life; (4) haemo- 
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dynamic effect of diuretics and (5) neuroendocrine 
effect of diuretics. 

2.3. Statistical analysts 

We used standard methods for the combination of 
inform afinn from 2X2 tables (e.g. of treated/con- 
trolled versus event/no event}. We used the Mantel 
and Tfopfrel [11] method for continuous variables to 
measure the effect of diuretics on exercise capacity. 
In the meta-analysis, ' an informative use of these 
trials is to calculate the weighted average of odds 
ratios and to accept this as an approximate indication 
of rfefr reduction and/ or improvement typically con- 
ferred by omretics on the outcome of interest. Conse- 
quently, the odds ratio (OR) of the treated group 
compared with controls was estimated for each end- 
point outcome and plotted against each other by using 
the fixed-effects model The meta-analysis was per- 
formed with stata statistical software package, Ver- 
sion 6 (Stata, College Station, TX, USA). Values of 
P<Q.Q$ were considered statistically significant 



3. Results 

Eighteen randomised controlled trials carried out 
from 1966 to 1999 met our criteria [16-33] (Tables 1 
and 2). Four studies which did not fulfil our criteria 
were excluded [12-15] (Fig. 1). One of these sfndies 
was the large RALES trial [15]. This was a double- 
blind study of the effect of spironolactone vs. placebo 
on morbidity and mortality in patients with severe 
heart failure. We excluded RALES from our primary 
analyses because spironolactone is not generally 
considered to be a conventional diuretic, and in 
RALES most patients were already receiving di- 
uretics. Since RALES was so large we performed a 
subsidiary analysis inducing this trial. Another study 
[21] was also excluded from the analysis because 
patients had lung disease and the trial was terminated 
prematurely for ethical reasons {5054 of patients 
developed pulmonary oedema when diuretics were 
withdrawn), Eight trials were placebo controlled (n- 
545) [16-23] and ten were active controlled trials 
(ti-280) P4-33]. 

Key features of all these trials (study design, 
baseline characterisation of study patients, and out- 



£8 "d \mm 



dnoys iN3ivd isevd mi '9i *d3s 



0C-L9:(ss-ujuj) NOIlVyna , :aiSD , 00C3GZZ:SINQ . 92/^=ndXJ3-01dSn:aAS , [auJH iq6j|/^ ujajseal Wd 8^=9^^ S00S/9t/6 IV Q/Od , 30Vd 



JIFarbet al I JntemrfV** Jom**l cfCardiohsy 82 (1002) 149-1$$ 



151 



ttbtc J 

Outline of study pOpotafoa to ocifre/pUflcbo trids 



EtDdy 
dcsigui* 



icstod" 



CfUBjjlPl^d 



Cyem) 



LV- 

pcrfbnnanco' 



HF 



BnzretaL pffT 



ocjnrolled 

id, dkphc, 
cuniMed 



Shennte et iL. [18] 



id, db, plan, 
ChtfiUii cinL {?2j K id.dh.phe, 



BUT etal" 



TOdmaaaipoO 



BALES [131 



ndL OpCDf 

id, db.plac, 
parallel 

id, db, plan, 



d*nrctica4- 

Placebo/ 
dinrttjcs-V 

FWewmid&'SceE 

Pertamdo 

Amikiridfi 

PJaaesW 

Sjriruniilactojie 
Phc*bo/ 

JS pfrnqft) aellglfi 



1* 



52 



16 



12 



24 



JE8 



89 



59 



36 



11 



55 



42 



139 



tiSO 



62 



£2 



603 



3 



75 



7fi 



ti±12 



14 



fiD - 



BP: 64±6^/ 
-51 iB 



5 (9^5) 
0 

2(5J%) 

5 (100%) 
0 



74 - 



3 (Sflr 
1 (U)- 

7 (1&4I) 
2(5,6)* 

0 

r <ii) 
o 



10O 



PCWP; HAP 
LVW3;3iiPAf 



13 



a ci<u%) 
o 



76 FS;23±7/ja±S 0 



26 



25 EF<20tt 



24C24SW) 
4(4W) 

300 (35%) 
2UC2696) 



386 W 
284(35) 



■^rids c^ted the c&cr of ad*** oftordJmto (aadfr Kqn»S aff^ oomiBtand ttopy. 
d nLx«0tfwma6d; tfh, do^fc-Mtod; jda* pbwbO- -j^^^m^m*,,-*. 

pyyr-inPiiiF i 



comes) are presented in Table 1 (placebo controlled) 
and Table 2 (active control trials). There was in- 
formation on the following outcomes: (1) effect of 
diuretics on mortality which was documented in three 
placebo controlled trials ( ff =221) [16-18]; (2) effect 
of diuretics on worsening heart Mure which was 
documented in four placebo controlled (»=44$) 
[16,17,19.20] end four active controlled trials (w- 
150) £24-27]j (3) effect of diuretics on exercise 
capacity which was documented in six of the active 
controlled trials fa =174) [24-29]. These three pa- 
numsters were defined as the outcomes for this meta- 
analysis. 

3.L Study design and completeness offollow-vp 

As shown m Tables 1 and 2 the studies were 
designed with parallel (p^=9) or crose-over (n=9) 
protocols. Their duration was in the range of 4-24 



weeks with the exception of one trial which lasted 52 
weeks. More than 85% of the patient population 
completed the planned follow-up period. 

32. Patient selection and exclusion criteria 

Patiente were selected on the basis of symptoms, 
clinical and radiological findings, parameters of ven- 
tricular function or hAemodynamics, or if pre-existing 
diuretic treatment fox heart failure was required The 
exclusion criteria, applied m fre various trials were 
clinically unstable conditions such as recent myocar- 
dial infarction, unstable angina pectoris and airhyuV 
znias, hypotension or hypertension, valvular heart 
diseases, right heart failure or pulmonary oedema. 

3J t Baseline chca-acterisaticn of study patients 

Selected baseline features of patients in the 18 
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randomised, controlled triab are shown in Tables 1 
and 2. Mew age was 59±11 years, and 39% were 
women. About 27% of Hie patients were in NYHA 
class 1, 40% in class H, 29% in class IH and only a 
few patienfe were in class IV In trials reporting 
parameters of left ventricular function, the ejection 
fraction (£F) was about 46% (range: <20-65%) and 
the eud-diastDlic dimension was increased at 68 mm 
(raogei 63-77 mm). In trials where haemo dynamic 
monitonng was used, the mean pulmonary capillary 
wedge pressure (PCWP) was elevated at 26 mmBg- 

3 A Aetiology of heart failure 

Although the aetiology of heart failure was not 
provided in more than half of the trials, the most 
common cause was coronary artery disease, prior 
myocardial iu f ar clioti, and dilated cardiomyopathy. 
Other less common underlying diseases were hy- 



pertension and pulmonary disease (chronic obstruc- 
tive airway disease), 

J.5. Study medications 

The type of diuretic and the doses used in the trial* 
varied from study to study and within the individual 
Study. Loop diuretics (eg. furosetnide) were used in 
the majority of the studies. In twelve of the studies 
most or all of the patients were treated concomitantly 
with digoxin. In six of the studies patients were 
taking AGE inhibitors. In one study, 21% of patients 
were taking amiodaroue [28] and in another study, 
88% of patiaats were taking vasodilators [23]. 

3.6. Effect of diuretics on mortality 

Placebo controlled trials 
As shown in Table 1 only three [16-18] of the 
eight active controlled trials repotted on tihe effect of 
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diuretic therapy on mortality in patients with heart 
failure, Jsx ftese trials (n=221)» there xvcre 3/111 
(2,7%) deaths in the dbrretic group compared to 
12/110 (10.9%) in 1fee placebo group [OR* 0-25; 95% 
confidence intervals (CT), 0.07-0.84; P=0 ; 03] (Fig. 
2). This difference represents an absolute risk: ieduc- 
ticm of B% in mortality in patients treated with 
diuretics wnnpared to placebo Crannber needed to 
treat=12.5> If the RALES study is included [15-18], 
the numbers of detrfha in patients randomised to 
diuretic compared to control were 287/933 (31%) 
and 398/951 (42%), the overall odds ratio was 0,61 
(95% CI. 0,50-0,74; P=0.0001). 

3,7. Effect of diuretics on worsening of heart 
failure (Table 2) 

Pour trials reported cm the effects of diuretics on 
worsening heart feilure [16,17,19,20] and the odds 
ratio for the comparison of diuretics vs. placebo was 
0.31 (95% CI, 0.15-0.62; P^O.OOl; Fig. 3), If the 
RALES study [15] is included, the overall odds ratio 
was 0.61 (95% CI. 0.50-0.75; P=0.0001) (Fig. 3). 

3 l .Zl. Active controlled trials 

Ibe control agent; in these trials included ACE 
inhibitors, digpxin and fbopsmine. Only &ur [24-27] 
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of tea trials reported the outcome parameter of the 
effect of diuretic on worsening of heart failure (Table 
2). Plots of the estimated odds ratio and 95% 
confidence intervals for each trial are given in Fig. 4. 
The estimated overall odds ratio was 0.34 (95% CI, 
0.10-1.21} P=0.10). 



5.61 Effect of diuretics on exercise capacity 

Seven [24-30] of -flic ten active controlled trials 
reported on the effect of diuretic therapy on exercise 
capacity in patients with heart failure. The trial by SK 
and P Ibobamine Working Group [30] was excluded 
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Hfbct of ifiuratire 0& exercise cnpichy In paDcais with CHF 
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from the analysis "because information cm exercise 
duration was lacking. Data for exercise capacity in 
cadi of tfrt six trials are shown in Table 3, The 
estimated odds ratio raid 95% confidence interval for 
each trial are shown in Fig. 5. The overall odds ratio 
was (U7 (95% d, 0.10-0.64, i^O.007). 



4> DiscusriOH 

The principal finfTin^ of this systematic overview 
was that treattnent wifli diuretic therapy produced a 
relative reduction in mortality of about 70% (absolute 
reduction of 8%) with wide confidence intervals 
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compared to control in patients with heart failure. If 
this estimate is correct about 80 deaths could be 
avoided &r every 1000 patients treated. We also 
demonstrate that diuretic therapy compared to 
placebo produced a sftnilar reduction in the risk of 
worsening heart failure, Compared to other active 
agents (i»e>. ACE inhibitors, digoxin or dopamine), 
dnrretics fomroved symptoms of heart failure (al- 
thougi this effect was not significant), and signifi- 
cantly increased exercise capacity by about 12%, 

The mean, age of the patients m the studies was 59 
years, similar to the age of patients enrolled in ACB 
inhibitors trials [1-3] but considerably lower than the 
mean age of heart failure m the population which is 
about 74 years. The proportion of women was higher 
in these trials than in other trials in heart failure. Of 
the patients in our analysis 39% were women, as 
compared to 26% in the SOLVD registry [1,2], The 
mean ejection fraction of patients was 46% which is 
higher than other published studies [1-3]. The 7r"Vm 
end-diastolic dimfgreion was £>fi mm indicating that 
patients enrolled had dilated ventricles. 

The mechanism by which diuretics prevent death Is 
unclear because the cause and mode of death is often 
not described in these trials. Difjferenriatioii between 
death due progressive CHF and an opportunistic 
arrhythmia is not possible. The data are insufficient 
by current standards to provide a formal evidence- 
base to recommend diuretics in heart failure on the 
basis of an impact on mortality. 

Diuretics have not been tested in long^tenn trials 
evaluating survival, mainly because of ethical dif- 
ficulties in enrolling patients with symptoms who 
would benefit from these agents. In contrast; in older 
patients with hypertension, diuretics have been in- 
vestigated in long-term prospective placebo-con- 
trolled trials, such as the Systolic Hypertension, in the 
Elderly Program (SHHP) \Ml tha Swedish Trial in 
Old Patients with Hypertension (STOP) [35], and me 
Medical Research Council (MRC) study [36]. In all 
three studies, active treatment either diuretics alette, 
or combined with p-blocfers, was found to be 
significantly beneficial in reducing mortality and 
morbidity. 

RALES was the largest study of spironolactone, an 
agent with diuretic properties [15]. The mechanism 
the benefit from spironolactone is not clearly estab- 
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lished and could be attributed either to a synergistic 
diuretic action, or to a specific mechanism of aldos- 
terone antagonism that may reduce myocardial fi- 
brosis by blocking the effects of aldosterone on the 
formation of collagen [37], Spironolactone may pre- 
vent sudden cardiac death by avoiding potassium loss 
and increasing myocardial uptake of nco^rnephnne 
[3S]. Recently, ft has been shown mat spironolactone 
improves endothelial dysfunction, increases nitric 
oxide bioactivity, and inhibits vascular angiotensin I 
and angiotensin n in patients with heart failure [39], 
Our subsidiary analysis, including RALES, provides 
good evidence for the use of spironolactone in 
patients with advanced heart failure. 

The hnproyement in exercise capacity 'in heart 
failure patients treated with diuretics may be due to 
favourable homo dynamic activity of diuretics. For 
example diuretics reduce central CTfng pressures 
allowing improved cardiac output on exercise at a 
lower lefi ventricular pressure [20,30], This improved 
long-term cardiac performance is usually accom- 
panied by increased exercise capacity or duration. 



5. Limitations 

This analysis has several Imitations. All random- 
ised trials were small with inadequate statistical 
power to demonstrate clearly the effectiveness of the 
mterventian in terms of reduction in morbidity and 
mortality rates. There was also great variability in the 
type of intervention, clinical characteristics of pa- 
tients, assessment of severity, aetiology of heart 
Mure, study duration, concomitant medications, 
outcome measures, and drop out rates. The methods 
of masking and assessment of outcome measures was 
not clearly reported in many studies. The mclnsion of 
cross-over studies in our meta-analysis is a weakness 
since most methods of mem-analysis have been 
developed for comparison of independent groups. 
Other limitations such as publications bias are com- 
mon to all meta-analyses, but may have a particular 
influence in our study since most of the trials were 
small There is also heterogeneity in the mechanism 
of action of the loop diuretics (e.g. furosemide) and 
the thiazides (&g. bendrofhiazide), and dose of di- 
uretics. 
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6. Conclusion 

Our study provides evidence of tne benefits of 
diuretics on mortality, progression of heart failure 
and exercise capacity in patients wfth heart failure. 
This evidence from trials done is not sufficient by 
current standards to justify widespread use cf di- 
ratios to influence dinioal outcomes. On the other 
hand, clinical experience with diuretics in heart 
feilcre following the seminal work of Slater and 
Nabarro in 1958 [40], provides clinicians vdlh the 
evidences of experience for continuing to use di- 
uretics as the initial oral maintenance medicatim in 
treatment of patients with congestive heart feilure. 
Ei^en in the absence of data showing a cleat benefit 
on clinical outcomes, diuretics will confinnr, to be 
used routinely ianie management of CHF for symp- 
tTTmfttin relief Whether diuretics will be the subject of 
future trials to evaluate effects on clinical outcomes 
in compensated heart failure, particularly in patients 
stabilised on ACE intnbitoiE and beta-blockers, is 
unlikely. 
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